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TASK  90-15:  CROSSOVER  COMPARISON  OF  THE  PHARMACOKINETICS 
OF  ATROPINE  ANO  PRALIDOXIME  CHLORIDE  IN  THREE 
MULTICHAMBERED  AUTOINJECTOR  SYSTEMS  AND  THE  MARK  I 

1.0  INTRODUCTION 

The  U.S.  Army  Medical  Materiel  Development  Activity  (USAMMDA)  is 
currently  evaluating  candidate  multi chambered  antidote  autoinjector  systems  in 
order  to  select  one  to  replace  the  Mark  I  (MKI)  as  a  field  treatment  for  nerve 
agent  intoxication.  USAMMDA  requires  information  on  the  comparative 
pharmacokinetics  of  the  two  active  components,  atropine  and  pralidoxime 
chloride  (2-PAM),  following  injection  with  the  multi chambered  systems  to 
select  the  one  autoinjector  optimal  for  further  development.  The  objective  of 
this  task  was  to  determine,  in  compliance  with  the  Food  and  Drug 
Administration's  Good  Laboratory  Practices  (GLP),  the  pharmacokinetics  of 
atropine  and  2-PAM  in  sheep  when  delivered  using  either  of  three  candidate 
autoinjector  systems  or  the  MKI.  The  experiment  was  designed  as  a  crossover 
study,  with  each  of  eight  sheep  receiving  atropine  and  2-PAM  delivered  by  each 
of  the  four  autoinjector  systems  with  at  least  a  one-week  washout  period 
between  injections. 


2.0  EXPERIMENTAL  DESIGN 


2.1  Test  Animals 

Sheep  were  used  for  this  study  because  of  similarities  with  man  in 
body  weight  and  because  sheep  have  been  used  in  similar  pharmacokinetic 
studies  with  intramuscularly  (IM)  administered  drugs. Approximately 
1-year-old  wethers  of  Rambouillet-Columbia  breeding  were  obtained  from 
Thomas  D.  Morris,  Inc.,  Reisterstown,  MD.  All  sheep  had  serology  performed 
prior  to  shipment  tc  Battelle's  Medical  Research  and  Evaluation  Facility 
(MREF)  and  were  negative  for  antibody  titers  for  the  Q  fever  causative 
organism,  Coxiella  burnetii.  Upon  arrival  at  the  MREF,  sheep  were  examined  by 
a  veterinarian,  and  blood  and  fecal  samples  were  obtained  for  clinical 
pathological  and  gastrointestinal  parasite  evaluations.  Sheep  were  held  in 
quarantine  for  a  minimum  of  seven  days  prior  to  use  in  the  study.  All  animals 
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Were  tagged  in  the  ear  to  retain  positive  identification,  and  were  maintained 
in  an  outdoor  fenced  area  with  available  shelter  until  brought  into  the 
laboratory  for  experimentation.  Sheep. were  fed  Purina  Rumilab*  with  limited 
quantities  of  locally' purchased  hay.'  Water  was  supplied  from  Battelle’s 
West  Jefferson-  water  system  ad' libitum.  The  water.. is  analyzed  quarterly  for 
potability,  and  annually  for  contaminants*  No  contaminants  which  would 
interfere  with  the  results  of  the  study  are  known  to  be -present  in  the  water 
or  feed. 


Sheep  were  shorn,  brought  into,  the  laboratory,  ar.d  maintained  on 
straw  bedding  in  animal  rooms  kept  at  65  15  F  with  a  relative  humidity  of 

50  20  percent,  fluorescent  lighting  with  a  light/dark  cycle  of  12  hr  each 

per  day  was  used,  Sheep  were  acclimated  to  placement  in  a  sling  suspended 
from  a  stand  for  a  minimum  of  20  min  per  day  for  two  days  prior  to 
experimentation,  and  they  routinely  adapted  rapidly  to  this  method  of 
restraint.  At  the  start  of  the  study,  the  sheep  weighed  between  65  and  81  kg 
and  appeared  to  be  in  good  physical  condition. 


2,2..MaterU1,5anlMhgd;. 

Three  candidate  multi chambered  autoinjectors  containing  atropine  and 
2-PAM  and  the  fielded  MKI  autoinjector  system  were  provided  by  USAMMDA.  The 
MKI  autoinjector  system  {lot  RU8243/RU7213),  consisting  of  two  separate 
injectors  -  an  atropen  which  is  designed  to  deliver  2  mg  of  atropine  sulfate 
equivalents  in  an  approximately  0.7  ml  volume  and  a  2-PAM  Injector  designed  to 
deliver  600  mg  2-PAM  in  an  approximately  2  ml  volume,  was  used  as  a  standard. 
One  of  the  multi chambered  autoinjcctors  was  a  dispersion  model  (MCA;  Lot 
R01071)  designed  to  deliver  both  2  mg  atropine  sulfate  equivalents  and  600  mg 
2-PAM  in  a  single  injection  of  approximately  2.7  ml.  The. other  two  candidate 
multi chambered  auto injectors  (MCA-A,  lot  FDM90C09R  and  MCA-B, 
lot  FDM90C08P)  were  also  designed  to  deliver  amounts  of  atropine  and  2-PAM 
similar  to  that  of  the  MKI  in  single  injections  of  approximately  2.7  mL. 
Contents  from  samples  of  each  autoinjector  type  were  analyzed  to  confirm 
identity  and  quantitate  the  amount  of  atropine  (MREF  S0P-89-55)  and  2-PAM  . 
(MREF  SOP-88-39)  delivered  by  each  system.  All  autoinjectors  were  weighed 


prior  to  use,  and  again  after  injections  were  made,  to  confirm  delivery  of  the 
auto  injector  contents »  .  •  ; 

.  On  each  day.  of  study,  four  sheep  were  restrained  in  nylon  web  sliricjs  j 
suspended  from  metal  stands.  Sheep  were  given  atropine/2-PAM4M  in  the 
anterior  lateral  area  of  the  right  thigh,  in  the  area  of  the  vastus  lateralis, 
head  "b'f  the  quadriceps  femoris  muscle,  dosing  one  sheep  with  each  autoinjector 
system  each  day.  Ten-mL  blood  samples  Were  taken  from  a  jugular  vein  through 
an  indwelling  catheter  {French  8  Catheter  Sheath  Introducer  System,  Cordis 
Corp.,  Miami,  FL)  or  with  a  disposable  10-ml  syringe  and  18-ga  1.5- inch  needle 
(Sdcton  Dickinson,  Rutherford,  NJ)  if  the  catheter  was  not  patent.  .  The  17-cm 
rigid  plastic  vessel  dilator,  rather  than  the  sheath  assembly  itself,  was  used 
as  the  catheter  because  the  flexible  sheath  assembly  would  collapse  and  become 
crimped  whenever  an  animal  turned  his  head  to  the  side.  The  vessel  dilator 
was  loosely  fixed  in  place  with  a  stay  suture  placed  in  the  skin,  and  a  three- 
way  stopcock  was  attached  to  the  catheter.  Blood  samples  were  taken  prior  to 
injection  of  atropine/2-PAM  and  at  1,  2,  3,  4,  5,  6,  8,  12,  15,  20,  40,  60, 

80,  120,  180,  and  240  'tin  after  injection.  Seven-tenths  ml  of  heparinized 
physiologic  saline  (30  units/ml)  was  used  as  a  block  in  the  three-way  stopcock 
and  indwelling  catheter  to  prevent  clotting  of  blood  during  the  longer 
intervals  between  blood  collections.  The  heparin  block  was  removed  by 
withdrawing  a  l-ml  volume  before  drawing  the  10-ml  blood  sample  for  analysis. 
Five  ml  or  the  10-ml  blood  sample  drawn  using  a  10-ml  disposable  syringe  was 
immediately  placed  in  a  prelabeled,  heparinized  glass  vacutainer*  (Becton 
Dickinson).  The  other  5  ml  was  placed  in  a  prelabeled  13-ml  polypropylene 
tube  with  cap.  This  tube  was  placed  on  its  side  and  the  blood  allowed  to  clot 
at  room  temperature  for  at  least  1  hr.  Sheep  were  removed  from  slings  after 
the  120-min  blood  samples  were  drawn  and  allowed  access  to  feed  and  water. 
Catheters  were  left  in  place  until  after  the  4-hr  blood  samples  were  drawn. 

The  heparinized  blood  samples  were  transferred  to  labeled 
polypropylene  tubes  and  centrifuged  at  approximately  1,500  X  G  for  15  min. 

Then  the  plasma  was  removed  with  pipettes,  put  into  labeled  polypropylene 
tubes,  and  frozen  at  approximately  -70  C  until  assayed  for  2-PAM.  Analyses 
for  2-PAM  concentration  were  conducted  at  the  HREF  using  an  ultraviolet 
spec* ^photometric  technique  with  a  Technicon' (Tarrytcwn,  NY)  autoanalyzer 
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(MREF  S0P-88-50) .  After  the  blood  samples  in  the-noh-hepariniM  had 

clotted,  the  blood  clots  were  gently  separated  from  f he  sides  of  the  tubes 
with  applicator  sticks^  The  tubes  were  then  centrifuged  at  approximately. 

800  X  G  for  15  min  and  the  serum  was  pipetted  into  labeled  polypropylene/itubes 
and  frozen  at  approximately  -70  C.  Serum  saffiplevw  to  the 

laboratory  of  Or.  larry  Miller  at  Battel le's ,C61umbui\site  for  determination: 
of  atropine  concentrations'  using  radioimmunoassay  (RIA)  techniques 
(SOP  Number:  TOX  VI-014-00). 


2.3  Pharmacokinetic  Analyses 

The  study  used  a  Latin  squares  design  which  was  balanced  for 
sequence  of  injection,  day  of  testing  effects,  and  residual  effects.  The 
sequence  in  which  sheep  received  injections  is. given  in  Table  1.  Once  blood 
concentrations  of  atropine  and  2-PAM  were  determined,  concentrations  as  a 
function  of  time,  maximum  concentrations,  times  to  maximum  concentrations, 
areas  under  the  blood  concentration-time  curves  from  0  to  240  min,  absorption 
and  elimination  rate  constants,  and  apparent  volumes  of  distribution  were 
estimated  using  the  pharmacokinetic  model  which  best  represented  the  data. 

TABLE  1.  TREATMENT  SCHEDULE 


Sheep  Number 


Sixty-four  separate  pharmacokinetic  analyses  were  performed  -  serum 
atropine  following  use  of  each  of  the  four  autoinjector  systems  in  eight 
sheep,  and  plasma  2-PAM  for  each  autoinjector  used  in  eight  sheep.  -Although-.' 
blood  sampling  time's  were  established,  it  was  not  always  possible  to  draw 
samples  exactly  at  desired  times,  usually  because  of  blood  flow  in  the 
catheters.  Times  at  which  blood  samples  were  actually  obtained  were  recorded 
for  each  animal  at  each  sampling  time  and  pharmacokinetic  parameters  were 
estimated  using  the  actual  times  of  blood  collection.  Atropine  concentrations 
less  than  1  ng/ml,  the  limit  of  reliable  quantitation,  were  considered  as  zero 
for  the  pharmacokinetic  analyses.  The  quantifiable  limit  for  2-PAM  was 
0.3  uq/ml  and  values  below  this  concentration  were  also  considered  as  zero  for 
pharmacokinetic  analyses. 

Statistical  analyses  of  the  pharmacokinetic  data  were  accomplished 
to  determine  if  any  significant  differences  existed  among  the  2-PAM  and 
atropine  pharmacokinetic  parameters  estimated  for  the  four  different 
auto  injectors.  Empirical  data  for  C,^,  tWI,  and  AUC,^,  i.e.,  the  actual 
highest  blood  concentration  measured,  the  actual  sampling  time  of  this  highest 
concentration,  and  the  area  under  the  measured  blood  concentrations  over  time 
curve  to  240  min  derived  by  the  trapezoidal  method,  as  well  as  pharmacokinetic 
parameters  predicted  by  models  were  statistically  evaluated.  The  correlations 
between  empiric  and  model  estimates  were  determined  to  assess  the  "goodness  of 
fit"  of  the  models. 

Pharmacokinetic  parameters  were  analyzed  to  determine  if  there  were 
any  effects  due  to  autoinjector  or  week  of  testing,  and  to  assess  the 
variability  in  the  pharmacokinetic  parameters  among  the  animals.  Experiments 
in  which  the  same  animals  are  tested  on  multiple  occasions  using  different 
treatment  regimens  on  different  testing  days  are  called  crossover  designs. 

By  using  a  crossover  design,  comparisons  between  the  pharmacokinetic 
parameters  across  autoinjectors  can  be  made  on  an  individual  animal  basis- 
controlling  for  the  animal-to-animal  variability  by  using  each  animal  as  .its 
own  control  provides  more  precise  comparisons  across  the  autoinjectors. 

Special  considerations  may  arise  because  the  effects  of  a  treatment 
administered  in  one  test  period  may  carry  over  to  the  next  test  period  (residual 
effect).  Therefore,  an  animal's  blood  levels  may  be  affected  directly  by  the 


most  recent  treatment  and  also  by  a  residual  effect  from  the  previous 
treatment.  A  relatively  long  washout  and  recovery  period  between  dosingwas 
used  to  prevent  residual  effects. 

An  analysis  of  variance  appropriate  for  crossover  designs  was 
carried  out  for  each  empirical  and  model-based  estimated  pharmacokinetic 
parameter  to  assess  the  statistical  significance  of  the  effects  of  interest. 
The. effects  included  in  the  analysis  of  variance  are  given  in  the  following 
equation  for  a  generic  pharmacokinetic  parameter  Y: 

Y  •  p+S+y+r+p+e 

where  p  •  average  value  of  the  pharmacokinetic  parameter, 

8  -  effect  of  animal, 

Y  -  effect  of  week  of  testing, 

r  -  direct  effect  of  the  autoinjector  used  that  week, 

p  «  residual  effect  of  the  dose  injected  in  the  preceding 
week  of  testing,  and 

e  •  uncontrolled  variation  within  an  animal. 


Results  of  chemical  analyses  for  atropine  and  2-PAH  content  from 
three  injectors  of  each  autoinjector  system  are  presented  in  Table  2.  2-PAM 
content  exceeded  600  mg  in  all  systems,  but  atropine  content  averaged  1.73  mg 
in  the  MKI,  1.95  mg  in  the  MCA,  2.09  mg  in  the  MCA-A,  and  2.12  mg  in  the 


TABLE  2.  CHEMICAL  ANALYSES  FOR  ATROPINE  AND  2-PAM 
CONTENT  OF  AUTOINJECTOR  SYSTEMS 


Atropine  Analyses: 

Expected  2.0  mg  atropine  sulfate  equivalents  in  each  syringe. 


Lot  No. 

(Date  of 

Syringe  Type  Manufacture) 

Measured 

Volume 

(mL) 

Measured 

Concentration 

(mg/mL) 

Atropine 

Sulfate 

Equivalents  (mg) 

MKI  (A138) 

RU7213 

0.685 

2.43 

1.66 

MKI  (A142) 

(9/85) 

0.660 

2.33 

1.54 

MKI  (A167) 

0.670 

2.97 

1.99 

MCA  (08) 

RD1071 

2.85 

0.67 

1.91 

MCA  (20) 

(5/90) 

2.80 

0.72 

2.02 

MCA  (31) 

2.80 

0.69 

1.93 

MCA-A  (06A] 

1  FDM90C09R 

2.70 

0.79 

2.13 

MCA-A  (18 A] 

1  (3/9/90) 

2.80 

0.73 

2.04 

MCA-A  (38A) 

2.70 

0.78 

2.11 

MCA-B  (12B) 

1  F0M90C08P 

2.65 

0.79 

2.09 

MCA- 8  (238] 

1  •  (3/9/90) 

2.78 

0.79 

2.20 

MCA-B  (378) 

1 

2.65 

0.78 

2.07 

2-PAM  Analyses: 

Expected  600  mg  2-PAM  in  each  syringe. 

Lot  No. 

Measured 

Measured 

(Date  of 

Volume 

Concentration 

'  2-PAM 

Syringe  Type  Manufacture) 

(mL) 

(mg/mL) 

(mg) 

MKI  (P134) 

RU8243 

1.98 

325.5 

644 

MKI  (P155) 

(9/85) 

1.93 

326.0 

629 

Mia  (P1S0) 

2.00 

325.4 

651 

MCA  (08) 

RD1071 

2.85 

249.2 

710 

MCA  (20) 

(5/90) 

2.80 

237.9 

666 

MCA  (31) 

2.80 

241.1 

675 

MCA-A  (OGA) 

F0M90C09R 

2.70 

235.9 

637 

MCA-A  (18A) 

(3/9/90) 

2.80 

224.0 

627 

MCA-A  (38A) 

2.70 

235.9 

637 

MCA-B  (12B) 

FDM90C08P 

2.65 

234.6 

622 

MCA-B  (23B) 

(3/9/90) 

2.78 

236.5 

657 

MCA-B  (37B) 

2.65 

235.1 

623 
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3.2  Pharmacokinetics 


1 


Mean  concentration  values  for  all  sheep  at  all  time  points  in  a 
pharmacokinetic  evaluation  for  each  autoinjector  system  were  graphed  using  a 
personal  computer  to  determine  the  type  of  model  best  fit  by  the  data  and  to 
determine  Initial  estimates,  or  "seed"  values,  for  parameters  of  that  model. 
Mean  data  best  .it  a  two-compartment  model  for  both  atropine  and  2-PAM, 
although  in  some  animals,  especially  with  atropine,  a  one-compartment  model 
could  have  been  used, 

Parameters  estimated  were  A,  8,  a,  8,  and  k.  In  the  following 

equation: 


C(t)  *  A(ea*»ek‘t)  +  B(e**ek**),  (1) 


where  C(t)  Is  the  serum  concentration  at  time  t  after  dosing,  A  is  the 
y-intercept  of  the  points  in  the  distribution  or  the  fast  composite  rate  phase 
regressed  to  time  zero,  a  Is  the  slope  of  this  distribution  or  the  fast 
composite  rate  phase  line,  8  Is  the  y-intercept  of  the  points  in  the 
elimination  or  slow  composite  rate  phase  regressed  tc  time  zero,  and  8  is  the 
slope  of  this  elimination  or  slow  rate  composite  phase  line;  k,  is  the  first 
order  rate  constant  for  appearance  of  a  drug  in  the  systemic  circulation. 

Equation  (1)  is  derived  from  the  following  more  commonly  used 
equation  for  a  2-compartment  model. 


C(t)  »  AC*  +  BC*  -  KC*. 


(2) 


where  k  is  equal  to  k,  in  equation  (1).  By  definition,  K  •  A  +  8  (at  t  »  0, 
the  amount  of  drug  in  the  body,  C(0),  equals  0)..  Therefore, 

C(t)  *  Ae*  +  Be*  -  Kete  « 


1 

1 


Ae*  +  Be*  +  (-A-B)e'k*t  = 


Ae*  -  Ae**  +  Be*  -  Be*4'  = 


A(e*-e'k*t)  +  B(e*-e'kat) 
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After  obtaining  the  initial  parameter  estimates  for  each  sheep,  the 

data  were  transmitted  to  a  VAX  mainframe  computer  for  more  precise  estimation 

of  the  same  parameters  using  the  Statistical  Analysis  System  (SAS;  Cary,  NC) 

NONLIN  regression  procedure,  and  for  calculation  of  the  following: 

»  peak  or  maximum  concentration  (ng  of  atropine/ml  or  ng  of 
2-PAM/mL) 

•  A(e'*t"**-e*k«t*M)  +  B(e‘flt*»*-e','*t«»*), 
tiMx  ■  time  after  dosing  when  C(t)  was  maximum  (min) 

-  nn(kt/k,l)]/(kt-lce0 

AUCM40  ■  area  under  the  drug  concentration  versus  time  curve  from 
t  *  zero  to  t  ■  240  min  (ng  of  atropine*min/ml  or  ng  of 
2-PAM*min/mL) 

239 

■  Vi  C(to)  +  E  C(tj)  +  Vi  C(t24o)  by  the  trapezoidal  rule 

!•.,  •  the  first-order  rate  constant  for  drug  elimination  by 

all  routes  (min*1) 

orflAOyaHB  W) 

A/Jkt+Bokt-(A+B)o/S 

v<*  ■  overall  apparent  volume  of  distribution  of  a  drug  that 

obeys  two-compartment  model  kinetics  as  calculated  by  the 
area  method  (l) 

**  VnXj/jJ)  where  V,  **  Dose/(A+B) 

A  sample  of  the  computer  program  used  is  included  in  Appendix  0. 

3.3  Statistical  Analyses 
3.3.1  2-PAH  Pharmacokinetics 

Measured  2-PAM  plasma  concentrations  for  each  animal  at  each  time 
point  for  all  four  autoinjector  systems  and  pharmacokinetic  parameters  are 
presented  in  Appendix  C.  Figure  1  is  a  graph  of  mean  plasma  2-PAM 


FIGURE  1.  HEAR  PLASMA  2-PAH  CONCENTRATIONS  FOLLOWING  INJECTION 
OF  EIGHT  SHEEP  USING  FOUR  DIFFERENT  AUTOINJECTORS 
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concentrations  over  time  following  injection  of  eight  sheep  using  each  of  the 
four  autoinjectors.  Empirically  derived  values  of  the  2-PAM  pharmacokinetic 
parameters  AUCg^g,  C^,  and  t^  are  presented  in  Table  3.  2-PAM 
pharmacokinetic  parameters  calculated  from  the  two-compartment  model  are  shown 
in  Tables  4  and.  5.  Model-based  estimates  of  AUCg^g,  CMK,  and  t^  are  plotted 
against  the  empirically  determined  values  In  Figures  2,  3,  and  4.  The  plots 
demonstrate  that  strong  linear  relationships  exist  between  model-based  and 
empirically  determined  values.  Correlations  were  determined  to  be 
statistically  different  (at  the  5  percent  significance  level)  from  zero  for 
all  three  parameters.  Correlations  calculated  between  the  two  sets  of 
estimates  are: 


Parameter . 

n 

Correlation 

P-value 

32 

0.996 

0.0002 

32 

0.997 

0.0001 

*MX 

32 

0.957 

0.0003 

A  hypothesis  test  was  conducted  for  each  pharmacokinetic  parameter 
to  assess  the  statistical  significance  of  any  residual  effects;  results  are 
shown  in  Table  6.  Residual  effects  were  determined  to  be  statistically 
insignificant  for  all  but  one  of  the  parameters  analyzed,  empirically 
estimated  Cw  (P  •  0.04).  Considering  the  number  of  parameters  analyzed,  the 
marginal  significance  of  one  out  of  ten  parameters  is  compatible  with  what  may 
result  from  random  chance.  Therefore,  residual  effects  were  dropped  from  the 
model,  and  a  second  analysis  of  variance  was  carried  out  to  assess  the  effects 
of  autoinjector,  animal-to-animal  variability,  and  week  of  testing. 

Table  7  summarizes  the  results  of  the  statistical  analyses  and 
hypothesis  testing  for  autoinjector,  animal-to-animal,  and  week  of  testing 
variability.  The  average  values  of  the  pharmacokinetic  parameters  estimated 
for  each  of  the  four  autoinjectors  are  shown  in  the  second  through  fifth 
columns  of  the  table.  Because  the  experiments  were  balanced  across 
autoinjector  systems,  the  standard  errors  of  the  averages  are  identical  for 
each  of  the  autoinjectors.  The  standard  error  of  the  average  pharmacokinetic 


TABLE  3.  2-PAM  PHARMACOKINETIC  PARAMETERS  AUC,  .4I, 
CiM,  and  t1M  DERIVED^  FROM  EMPIRICAL  OATA 


Animal 

Test 

Week 

'  Auto  . 
Injector-  • 

&Sl)  . 

(Mg7mL) 

(mVn) 

87 

1 

MKI  ' 

535.6 

6.69 

6.0 

2 

MCA 

.  500.8 

7.59 

6.0 

3 

MCA-B 

.  460.3 

8.61 

5.0 

4 

MCA-A 

413.4 

8.07 

5.0 

93 

r 

MCA-A 

649.5 

9.14 

5.0 

2 

MCA-B 

645.8 

10.36 

8.0 

3 

MCA 

505.6 

4.18 

40.0 

4 

MKI 

574.0 

8.09 

12.0 

104 

1 

.  MCA-8 

478.2 

£.10 

5.0 

2 

MKI 

486.7 

4.72 

20.0 

3 

MCA-A 

455.6 

5.92 

5.0 

4 

MCA 

526.7 

6.25 

16.0 

116 

1 

MCA-A 

501.2 

8.96 

6.0 

2 

MCA 

571.9 

9.71 

12.0 

3 

MCA-B 

462.0 

7.77 

8.0 

4 

MKI. 

526.0 

7.89 

16.0 

117 

1 

MKI 

550.8 

7.20 

8.0 

2 

MGA-B 

645.1 

10.40 

8.0 

3 

MCA 

528.9 

6.70 

12.0 

4 

MCA-A 

568.2 

9.40 

5.0 

123 

1 

MCA-B 

838.3 

14.97 

6.0 

2 

MCA-A 

729.4 

13.09 

6.0 

* 

MVT 

vnc  c 

1 A  0  9 

5.0 

4 

MCA 

763.9 

15.03 

5.0 

127 

1 

MCA 

584.9 

3.57 

61.5 

2 

MCA-A 

501.2 

10.61 

6.0 

3 

MKI 

444.8 

6.58 

16.0 

4 

MCA-B 

472.4 

11.06 

4.0 

129 

1 

MCA 

595.4 

4.66 

20.0 

2 

MKI 

641.3 

7.62 

6.0 

3 

MCA-A 

665.1 

10.64 

8.0 

4 

MCA-B 

558.9 

6.00 

20.0 

W  AUCa _  ,4.  was  calculated  from  the  observed  2-PAM  concentration-time  curve 
using  the  trapezoid  method;  C„,  is  the  maximum  observed  concentration, 
and  t,„  is  the  time  point  corresponding  to  the  maximum  observed 
concentration. 


h 
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TABLE  4.  2-PAM  PHARMACOKINETIC  PARAMETERS  A,  B,  a,  p 
AND  k,  FROM  TWO-COMPARTMENT  MODEL 


Animal 

Test 

Week 

Auto 

Injector 

A 

87 

1 

MKI 

1.20 

2 

MCA 

26.43 

3 

MCA-B 

17.40 

4 

MCA-A 

31.93 

93 

1 

MCA-A 

7.87 

2 

MCA-B 

7.87 

3 

MCA 

25.63 

4 

MKI 

0.74 

104 

1 

MCA-B 

-0.06 

2 

MKI 

4.73 

3 

MCA-A 

16.06 

4 

MCA 

0.64 

116 

1 

MCA-A 

32.05 

2 

MCA 

21.10 

3 

MCA-B 

7.06 

4 

MKI 

9.15 

117 

1 

MKI 

5.07 

2 

MCA-8 

11.61 

3 

MCA 

13.36 

4 

MCA-A 

34.51 

123 

1 

MCA-8 

16.13 

2 

MCA-A 

13.05 

3 

MKI 

98.28 

4 

MCA 

31.10 

127 

1 

MCA 

8.37 

2 

MCA-A 

8.15 

3 

MKI 

8.20 

4 

MCA-B 

37.94 

129 

1 

MCA 

-2.31 

2 

MKI 

5.24 

3 

MCA-A 

56.44 

4 

MCA-B 

.-4.94 

B 

cc 

fi 

(min*1) 

5.55 

0.0115 

0.0114 

0.842 

6.98 

0.145.9 

0.0141 

0.202 

7.55 

0.2105 

0.0171 

0.345 

6.66 

0.2093 

0.0170 

0.283 

3.23 

0.0228 

0.0095 

0.460 

3.95 

0.0220 

0.0132 

0.577 

1.53 

0.0239 

0.0040 

0.034 

10.08 

0.0035 

0.0205 

0.246 

5.70 

0.0023 

0.0103 

0.528 

13.98 

0.0087 

0.0619 

0.085 

5.96 

0.2349 

0.0124 

0.292 

7.10 

0.0159 

0.0134 

0.277 

7.31 

0.1755 

0.0158 

0.247 

6.29 

0.0869 

0.0129  . 

0.182 

5.81 

0.0908 

0.0156 

0.263 

4.60 

0.0423 

0.0113 

0.178 

3.38 

0.0258 

0.0081 

0.532 

0.83 

0.0236 

0.0016 

0.483 

5.96 

0.1022 

0.0110 

0.172 

6.67 

0.1526 

0.0125 

0.223 

6.16 

0.0527 

0.0094 

0.328 

6.40 

0.0614 

0.0107 

0.364 

7.30 

0.1287 

0.0121 

0.166 

10.69 

0.1334 

0.0157 

0.254 

6.68 

0.0152 

0.0074 

0.021 

7.13 

0.0892 

0.0164 

0.468 

0.58 

0.0231 

0.0008 

0.284 

8.17 

0.1827 

0.0196 

0.268 

8.16 

0.0174 

0.0095 

0.132 

7.82 

0.2266 

0.0114 

0.394 

8.17 

0.1326 

0.0130 

0.172 

8.72 

0.0800 

0.0136 

0.461 

129 


'•ssr*/:  *>>: 


>7 


-1 

V1'  V5^  ''*'  «\* 

>*  ^,*V  ;  fr. 

-  .V 


TABLE  5.  2-PAM  PHARMACOKINETIC  PARAMETERS  CALCULATED  FROM  A,  B,  o,  3, 


AND  k,  BASED  ON  TWO-COMPARTMENT  MODEL 


Test 

Auto  kel 

Injector  (min*1) 

AUC0  -  240 

^max 

^m»x 

v. 

Animal  Week 

(#j*min/mL) 

(pgM) 

(min) 

(L) 

(L) 

9.0 

89.1 

8.0 

34.6 

4.0 

43.4 

5.5 

32.7 

& 
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effects  is  significant,  and  yet  the  multiple  comparison  procedure  fails. to 
identify  significant  differences  between  any  two  autoinjector  means.  Multiple 
comparison  tests  identified  significant  differences  between  average  values  of 
empirically  estimated  t^,  and  model-based  k,  for  specific  pairs  of 
autoinjectors.  For  empirically  estimated  t,^,  the  MCA-A  group  mean  was 
significantly  less  than^the  MCA  group  mean.  For  k,,  the  MCA-B  group  mean  was 
significantly  greater  than  the  MCA  group  mean. 

The  variations  in  the  pharmacokinetic  parameters  over  the  four  weeks 
of  testing  were  determined  to  be  statistically  insignificant  for  all  but  two 
of  the  parameters,  empirically  estimated  and  model-based  AUCg.W0.  There  was 
no  observable  trend  in  AUCg.240,  however,  over  the  weeks  of  testing,  i.e., 
average  weekly  2-PAM  AUCW40  neither  consistently  increased  nor  decreased. 

The  between  animal  variance  component  was  determined  to  be  statistically 
significant  for  both  the  empirically  estimated  and  model-based  parameters 
auco-24q  and  cim*'  Th*se  effects  were  strongly  Influenced  by  the  effect 

of  animal  123,  which  achieved  higher  2-PAM  blood  concentrations  than  other 
animals  for  all  four  autoinjectors. 

Analyses  of  variance  and  multiple  test  comparison  results  for  the 
2-PAM  pharmacokinetics  parameters  may  be  summarized  as  follows: 


(1)  Autoinjector  effects  v<ere  statistically  significant  for 
empirically  estimated  and  t  ,  and  model-based  t,,,,  and  k,. 
Autoinje'ctor  effects  were  marginally  significant  for  model- 
based  C^. 

(2)  Effects  of  test  week  were  not  significant  for  eight  of  ten 
analyzed  parameters.  Effects  of  animal -to-animal  variation 
were  significant  for  four  parameters,  empirically  estimated  and 
model-based  AUCg^g  and  C^,  largely  due  to  the  effffct  of  one 
animal  which  had  consistently  higher  maximum  concentrations 
than  other  animals. 

(3)  The  MCA-B  autoinjector  group  mean  was  the  highest  for  k#,  one 
of  the  two  highest  for  both  empirical  and  model-based  Cw,  and 
the  shortest  for  model -based  t  .  The  MCA  group  mean  ka  was 
less  than  half  of  that  estimated  for  the  other  groups,  and  the 
MCA  mean  (empirical  and  model-based)  t^,,  was  twice  as  long  as 
that  estimated  for  the  other  groups. 


TABLE  6,  ASSESSMENT  OF  CARRY-OVER; EFFECTS  FOR 
2-PAM  PHARMACOKINETIC  PARAMETERS 


Parameter 

F- Value 

P*Value 

.  241 

Empirically^  Derived  Parameters 

1.19 

0.35 

c.„ 

3.56 

0.04 

*«M 

1.47 

0.26 

k. 

Model w  Based  Parameters 

1.08 

0.39 

k.i 

0.62 

0.61 

MCg  -  141 

0.88 

0.47 

C»»* 

3.1 

0.06 

1.37 

0.29 

Vl 

1.87 

0.18 

i.OS 

0.39 

w  Derived  from  observed  2-PAM  concentration-time  curve. 
(b)  Two-compartment  model. 
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parameter  for  each  autoinjector  Is  displayed  in  the  sixth  column  of  the  table. 
For  each  pharmacokinetic  parameter,  a  statistical  hypothesis  test  was 
performed  to  determine  if  the  effect  of  autoinjector  was  statistically 
significant.  The  Value  of  the  F  tests  and  their  observed  significance  levels 
are  given  in  the  next  two  columns  of  the  table. 

The  component  of  variation  due  to  the  effects  of  different  animals 
was  estimated  for  each  pharmacokinetic  parameter.  The  estimates  of  the 
between  animal  variance  components  (o£)  are  displayed  in  column  nine  of 
Table  7.  Negative  estimates  of  the  variances  were  reported  as  zero.  To 
assess  the  magnitude  of  the  animal  to  animal  variability,  the  between  animal 
variance  components  were  statistically  compared  to  the  variance  component 
estimated  for  the  variability  within  animals  (c£).  Ratios  of  the  two  variance 
components,  and  statistical  significance  levels  for  the  between  animal 
variance  component  are  contained  in  the  tenth  and  eleventh  columns  of  the 
table.  For  each  pharmacokinetic  parameter,  a  statistical  hypothesis  test  was 
performed  to  determine  if  the  effect  of  week  of  testing  was  statistically 
significant.  The  value  of  the  F  tests  and  their  observed  significance  levels 
are  displayed  in  the  last  two  columns  of  the  table. 

Autoinjector  m«:cr.  values  were  statistically  different  (at  the 
5  percent  significance  level)  for  the. empirically  estimated  parameters 
and  t,,,,,  and  for  the  model -based  parameters  t^,  and  k,.  Autoinjector  effects 
were  marginally  significant  for  the  model-based  estimated  (P  -  0.067). 

The  analysis  of  variance  F-Test  for  autoinjector  effects  compares  the 
parameter  variability  between  autoinjector  group  means  to  the  variability  of 
that  parameter  within  each  autoinjector  group  to  determine  if  differences 
between  autoinjector  group  means  are  statistically  significant.  While  the 
F-test  may  determine  that  the  four  autoinjector  group  means  are  significantly 
different  from  one  another,  it  will  not  identify  the  manner  in  which  group 
means  are  different.  Therefore,  multiple  comparisons  were  performed  (at  the 
5  percent  significance  level)  to  determine  which  pairs  of  autoinjector  group 
means  were  statistically  different  using  Tukey's  Studentized  Range  Test.<4) 
Because  this  procedure  appropriately  adjusts  significance  levels  to  compensate 
for  the  simultaneous  hypothesis  testing  for  all  six  combinations  of  two 
autoinjector  group  means,  situations  arise  where  the  F-Test  for  autoinjector 
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effects  is  significant,  and  yet  the  multiple  comparison  procedure  fails. to 
identify  significant  differences  between  any  two  autoinjector  means.  Multiple 
comparison  tests  identified  significant  differences  between  average  values  of 
empirically  estimated  tw,  and  model-based  k,  for  specific  pairs  of 
autoinjectors.  For  empirically  estimated  t^,  the  KCA-A  group  mean  was 
significantly  less  than  the  MCA  group  mean.  For  k,,  the  MCA-B  group  mean  was 
significantly  greater  than  the  MCA  group  mean. 

The  variations  in  the  pharmacokinetic  parameters  over  the  four  weeks 
of  testing  were  determined  to  be  statistically  insignificant  for  all  but  two 
of  the  parameters,  empirically  estimated  and  model-based  AUC^g.  There  was 
no  observable  trend  in  AUCg.2t0,  however,  over  the  weeks  of  testing,  i.e., 
average  weekly  2-PAM  AUC^g  neither  consistently  increased  nor  decreased. 

The  between  animal  variance  component  was  determined  to  be  statistically 
significant  for  both  the  empirically  estimated  and  model-based  parameters 
AUC<ww  and  c«m«*  These  effects  were  strongly  Influenced  by  the  effect 

of  animal  123,  which  achieved  higher  2-PAM  blood  concentrations  than  other 
animals  for  all  four  autoinjectors. 

Analyses  of  variance  and  multiple  test  comparison  results  for  the 
2-PAM  pharmacokinetics  parameters  may  be  summarized  as  follows: 


(1)  Autoinjector  effects  were  statistically  significant  for 

empirically  estimated  and  t  ,  and  model-based  t^  and  k,. 
Autoinjefctor  effects  were  marginally  significant  for  model- 
based  C„„. 


(2)  Effects  of  test  week  were  not  significant  for  eight  of  ten 
analyzed  parameters.  Effects  of  animal -to-animal  variation 
were  significant  for  four  parameters,  empirically  estimated  and 
model -based  AUCg.2;o  and  C^,,,  largely  due  to  the  effffct  of  one 
animal  which  had  consistently  higher  maximum  concentrations 
than  other  animals. 


(3)  The  MCA-B  autoinjector  group  mean  was  the  highest  for  ka,  one 
of  the  two  highest  for  both  empirical  and  model-based  C^,  and 
the  shortest  for  model-based  t  .  The  MCA  group  mean  ka  was 
less  than  half  of  that  estimated  for  the  other  groups,  and  the 
MCA  mean  (empirical  and  model-based)  tMX  was  twice  as  long  as 
that  estimated  for  the  other  groups. 
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3.3.2  Atropine  Pharmacokinetics 

Serum  atropine  concentrations  measured  for  each  animal  at  each  time 
point  for  the  four  autoinjector  systems  and  pharmacokinetic  parameters  are 
presented  in  Appendix  C.  Figure  5  is  a  graph  of  mean  serum  atropine 
concentrations  over  time  following  injection  of  eight  sheep  using  each  of  the 
four  autoinjectors.  Empirically  estimated  values  of  the  atropine 
pharmacokinetic  parameters  AUC,.24|,  C,„,  and  ttM  are  presented  in  Table  8, 
Atropine  pharmacokinetic  parameters  calculated  from  the  two-compartment  model 
are  shown  in  Tables  9  and  10.  Absorption  rate  constants  (kt)  were  not 
determined  for  three  animals  (S3,  104,  123)  in  the  MCA-A  group  due  to  the 
extremely  rapid  absorption  of  atropine  in  these  three  animals.  For  these 
three  animals,  the  model-based  estimated  k,  values  were  so  large  that  they 
were  essentially  unquantifiable.  Therefore,  their  estimated  values  are  not 
reported  in  Table  9.  This  problem,  however,  did  not  appear  to  adversely 
affect  the  ability  of  the  pharmacokinetic  model  to  estimate  the  remaining 
parameters  for  these  animals. 

Model-based  estimates  of  AUC,„24f,  CtM,  and  t,,,  are  plotted  against 
estimated  values  from  empirical  data  in  Figures  6,  7,  and  8.  The  plots 
demonstrate  that  there  exists  a  strong  linear  relationship  between  the  model-, 
based  and  empirically  estimated  values  of  AUC,.24#,  and  C,,,  (except  for  two 
outlying  values).  Correlations  were  computed  between  the  empirically 
estimated  and  model-based  values  of  AUC|.24I,  C,„,  and  t#„.  The  correlation 
between  the  model -based  and  empirically  estimated  values  of  C1M  was  also 
calculated  with  the  two  outliers  omitted.  Correlations  were  determined  to  be 
statistically  different  (at  the  5  percent  significance  level)  from  zero  for 
all  three  parameters.  Calculated  correlations  between  the  two  sets  of 
estimates  are  given  below. 


Parameter 

n 

Correlation 

P-value 

AUC*.24| 

32 

0.804 

0.0001 

32 

0.950 

0.0001 

C.„ 

30 

0.983 

0.0001 

32 

0.601 

0.0003 
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TABU  8.  ATROPINE  PHARMACOKINETIC  PARAMETERS  AUC,  .24f, 


C.„,  and  DERIVED^  FROM  EMPIRICAL  DAf  A 


I 

I 

1 


Animal 

Test 

Week 

Auto 

Injector 

(ng*min/mL) 

(ngVmL) 

(nun) 

87 

1 

MKI 

837.8 

7.80 

20.0 

2 

MCA 

909.9 

8.78 

4.0 

3 

MCA-8 

937.3 

11.05 

2.0 

4 

MCA-A 

885.3 

11.86 

3.0 

93 

1 

MCA-A 

1,026.2 

13.46 

1.0 

2 

MCA-B 

938.5 

10.01 

2.0 

3 

MCA 

954.2 

6.21 

20.0 

4 

MKI 

746.5 

9.38 

4.0 

104 

1 

MCA-B 

1,042.3 

9.02 

16.0 

2 

MKI 

889.8 

10.59 

6.0 

3 

MCA-A 

1,088.0 

15.55 

5.0 

4 

MCA 

883.9 

10.39 

6.0 

116 

1 

MCA-A 

1,189.3 

14.63 

4.0 

2 

MCA 

1,050.4 

12.42 

6.0 

3 

MCA-B 

1,018.8 

10.82 

5.0 

4 

MKI 

969.4 

9.31 

16.0 

117 

1 

MKI 

942.4 

8.16 

16.0 

2 

MCA-B 

1,154.6 

9.47 

6.0 

3 

MCA 

944.9 

13.41 

12.0 

4 

MCA-A 

899.6 

13,95 

4.0 

123 

1 

MCA-B 

1,315.6 

13.73 

4.0 

2 

MCA-A 

1,248.0 

18.05 

1.0 

3 

MKI 

1,199.7 

9.24 

20.0 

4 

MCA 

1,235.9 

16.98 

3.0 

127 

1 

MCA 

1,404.0 

9.00 

40.0 

2 

MCA-A 

983.3 

18.45 

2.0 

3 

MKI 

1,199.6 

9.06 

40.0 

4 

MCA-B  ' 

979.1 

12.63 

4.0 

129 

1 

MCA 

1,058.3 

7.16 

8.0 

2 

MKI 

1,012.0 

8.45 

20.0 

3 

MCA-A 

1,184.4 

12.38 

3.0 

4 

MCA-B 

876.2 

9.33 

4.0 

AUCj „  jit  was  calculated  from  the  observed  atropine  concentration-time 
curve  using  the  trapezoid  method;  Cf„  is  the  maximum  observed 
concentration,  and  tm  is  the  time  point  corresponding  to  the  maximum 
observed  concentration. 
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TABLE  9.  ATROPINE  PHARMACOKINETIC  PARAMETERS  A,  B,  ec,  0 
AND  kt  FROM  TWO-COMPARTMENT  MODEL 


Animal 

Test 

Week 

Auto 

Injector 

A 

B 

« 

P 

k, 

(min*1)  . 

87 

1 

MKI 

0.72 

7.85 

0.0327 

0.0081 

0.359 

2 

MCA 

7.14 

5.89 

0.0603 

0.0048 

0.278 

3 

MCA-B 

11.28 

7.52 

0.3277 

0.0066 

1.001 

4 

MCA-A 

7.22 

6.47 

0.1231 

0.0059 

1.306 

93 

1 

MCA-A 

6.24 

6.88 

0.0527 

0.0057 

(*) 

. 

2 

MCA-B 

7.65 

1.55 

0.0105 

0.0031 

5.039  ' 

3 

MCA 

1.02 

5.97 

0.0240 

0.0039 

0.279 

4 

MKI 

4.09 

6.08 

0.0210 

0.0099 

0.514 

104 

1 

MCA-8 

1.88 

5.70 

0.0103 

0.0039 

1.171 

2 

MKI 

8.64 

8.89 

0.1384 

0.0083 

0.235 

3 

MCA-A 

7.01 

7.86 

0.0677 

0.0061 

(*) 

4 

MCA 

9.09 

7.69 

0.1979 

0.0076 

0.638 

116 

'  1 

MCA-A 

7.50 

10.40 

0.1825 

0.0075 

0.931 

2 

MCA 

8.55 

5.70 

0.0387 

0.0043 

0.648 

3 

MCA-B 

6.73 

4.62 

0.0273 

0.0032 

1.116 

4 

MKI 

2.03 

8.05 

0.0217 

0.0074 

0.298 

117 

1 

MKI 

0.46 

8.49 

0.0188 

0.0076 

0.357 

2 

MCA-B 

5.08 

4.58 

0.0112 

0.0035 

1.022 

3 

MCA 

15.33 

6.14 

0.0685 

0.0051 

0.166- 

4 

MCA-A 

9.79 

5.50 

0.0600 

0.0055 

1.153 

123 

1 

MCA-B 

9.38 

4.52 

0.0187 

0.0026 

2.032 

2 

MCA-A 

10.00 

8.31 

0.0600 

0.0058 

<*) 

3 

MKI 

-0.24 

10.54 

0.2228 

0.0068 

0.235 

4 

MCA 

10.79 

8.87 

0.1032 

0.0058 

0.925 

127 

1 

MCA 

-8.13 

14.01 

0.0410 

0.0071 

0.216 

2 

MCA-A 

16.31 

9.39 

0.2002 

0.0095 

1.359 

3 

MKI 

-9.24 

11.94 

0.0677 

0.0075 

0.852 

4 

MCA-B 

14.74 

9.39 

0.1889 

0.0089 

0.462 

129 

1 

MCA 

0.86 

7.43 

0.0339 

0.0048 

0.253 

2 

MKI 

0.96 

9.11 

0.0186 

0.0075 

0.157 

3 

MCA-A 

6.89 

5.97 

0.0421 

0.0031 

2.064 

4 

MCA-B 

5.01 

4.81 

0.0293 

0.0044 

0.601 

*  It  was  not  possible  to  adequately  estimate  k,  from  data  collected  due  to 
rapid  absorption  of  atropine. 


FIGURE  8„  PLOT  OF  MODEL-BASED  Tnax  AGAINST  EMPIRICAL  Tmax  FOR  ATROPINE 


Empirical  Tmax 
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Statistical  procedures  utilized  to  analyze  the  atropine 
pharmacokinetic  parameters  are  analogous  to  those  employed  to  analyze  2-PAM 
for  all  parameters  except  k,.  The  three  high,  unquantifiable  values  estimated 
for  k,  were  treated  as  right  censored  at  5.5  min*1.  This  means  that  the  k, 
values  were  not  known,  but  would  have  been  greater  than  or  equal  to  the 
assigned  value  if  they  had  been  estimated.  This  approach  allowed  an  analysis 
of  variance  on  32  k,  values,  three  of  which  were  treated  as  right-censored. 

The  presence  bf  right-censored  data,  however,  required  specialized  programs 
employing  maximum  likelihood  methods  rather  than  least  squares  techniques  to 
perform  the  analysis  of  variance.  Therefore,  test  statistics  assessing  the 
significance  of  effects  on  the  k,  parameter  have  an  approximate  chi-square 
distribution  instead  of  the  F  distribution  employed  for  the  other  parameters. 
T'2  analysis  of  variance  included  terms  for  autoinjector  system,  week  of 
testing,  animal  effects,  and  residual  effects. 

A  hypothesis  test  was  conducted  for  each  pharmacokinetic  parameter 
to  assess  the  statistical  significance  of  any  residual  effects;  results  are 
shown  in  Table  11.  Residual  effects  were  determined  to  be  statistically 
insignificant  (at  the  5  percent  level)  for  all  10  parameters  analyzed. 
Therefore,  residual  effects  were  dropped  from  the  model  and  a  second  analysis 
of  variance  was  carried  out  to  assess  the  effects  of  autoinjector,  animal-to- 
animal  variability,  and  week  of  testing. 

Table  12  summarizes  the  results  of  the  statistical  analyses  and 
hypothesis  testing  for  autoinjector,  animal -to-animal,  and  week  of  testing 
variability.  Autoinjector  effects  were  statistically  significant  (at  the 
5  percent  level)  for  the  empirically  estimated  parameters  C,M  and  t„„  and 
for  the  model-based  parameters  k,,  CiM(  t,„  and  Vd>.  Multiple  comparisons  were 
performed  (at  the  5  percent  significance  level)  for  these  parameters  to 
determine  which  pairs  of  autoinjector  group  means  were  statistically  different 
using  Tukey's  Studentized  Range  Test.  Pairs  of  autoinjector  group  means 
determined  to  be  significantly  different  are: 

(1)  For  empirically  estimated  C,„,  the  MCA-A  group  mean  was 

statistically  greater  than  tne  group  means  estimated  for  MKI, 
MCA,  and  MCA-B. 


31 


TABLE  11.  ASSESSMENT  OF  CARRY-OVER  EFFECTS  FOR  -.'  .  . 
ATROPINE  PHARMACOKINETIC  PARAMETERS  • 


Parameter 

F-Value 

P-Value 

Empirical  1yw  Derived  Parameters 

.  241 

1,13 

0.37 

c... 

0.66 

0.59 

*■»« 

0.70 

0.56 

Model w  Based  Parameters 

k  (c) 

7.75 

0.05w) 

k.. 

1.29 

0.32 

MC|  .  241 

1.23 

0.33 

C„. 

2.11 

0.14 

t... 

2.14 

0.14 

Vl 

1.16 

0.36 

v«. 

1.24 

0.33 

Derived  from  observed  atropine  concentration-time  curve. 

(b)  Two-compartment  model. 

{e)  Because  it  was  not  possible  to  estimate  kt  for  three  animals, 
log-likelihood  procedures  were  used  to  assess  the  statistical 
significance  of  carry-over  ef'ects  for  k,.  Therefore,  the  test  . 
statistic  follows  a  chi-square  distribution  rather  than  a  F  distribution. 
Actual  significance  level  calculated  was  0.05159. 
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(?)  For  empirically  estimated  t^,  the  MCA-A  and  MCA-B  group  means 
were  both  determined  to  be  statistically  less  than  the  group 
mean  estimated  for  MKI;  the  MCA-A  group  tMX  mean  was 
determined  to  be  statistically  less  than  tna  group  mean 
estimated  for  MCA. 

(3)  For  the  model -based  ka,  both  the  MCA-A  and  MCA-B  group  means 
were  statistically  greater  than  those  estimated  for  MKI  and 
MCA. 

(4)  For  the  model -based  C^,  the  MCA-A  group  mean  was  determined 
to  be  statistically  greater  than  those  estimated  for  MKI,  MCA 
and  MCA-B. 

(5)  For  the  model-based  t^,  both  the  MCA-A  and  MCA-B  group  means 
were  determined  to  be  statistically  less  than  those  estimated 
for  MKI  and  MCA. 

(6)  For  the  model -based  V^,  both  the  MCA-A  and  MCA-B  group  means 
were  greater  than  that  estimated  for  MKI;  the  MCA-B  group  mean 
was  determined  to  be  statistically  greater  than  that  estimated 
for  MCA. 


The  variations  in  the  pharmacokinetic  parameters  over  the  four  weeks 
of  testing  were  determined  to  be  statistically  significant  for  empirically 
estimated  parameters  AUC^,,  and  t^,  and  for  model -based  AUC^,,.-  As  with 
2- PAM,  however,  there  was  not  a  consistent  increase  or  decrease  In  average 
weekly  values,  and  there  did  not  appear  to  be  a  relationship  between  high  or 
low  atropine  and  2-PAM  values.  The  between  animal  variance  component  was 
determined  to  be  statistically  significant  for  the  empirically  estimated 
parameters  AUC^^j,  and  C^,,  and  for  the  model -based  parameters  k#,  AUC^q, 
and  C^j,. 

Analyses  of  variance  and  multiple  test  comparison  results  for 
atropine  pharmacokinetic  parameters  may  be  summarized  as  follows: 


(1)  Autoinjector  effects  were  statistically  significant  for  six  of 
ten  parameters,  namely  empirically  estimated  parameters  C^ 
and  tmax,  and  model-based  parameters  k#,  C^,  t^,  and  V^. 

(2)  Atropine  appeared  to  be  absorbed  more  rapidly  when  delivered 
via  MCA-A  and  MCA-B  autoinjectors  compared  to  MKI  and  MCA 
autoinjectors. 
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(3)  The  empirically  estimated  and  model-based  mean  values  for 
MCA-A  were  statistically  greater  than  those  for  MKI,  MCA,  and 
MCA-8. 

(4)  Effects  of  test  week  were  significant  for  three  parameters: 
empirically  estimated  AtlC^,,  and  t^,  and  model-based  AUC^q. 
Animal-to-animal  variation  was  determined  to  be  significant  for 
five  parameters:  empirically  estimated  AUCM4o  and  C-,.,  and 
model-based  k#,  AUC^,,,  and  C^. 

The  pharmacokinetic  parameters  of  2-PAM  and  atropine  following 
delivery  by  four  different  autoinjector  systems  were  estimated  using  the  same 
eight  sheep  injected  with  each  system  with  a  minimum  of  one  week  between 
injections.  For  2-PAM,  residual,  or  carry  over,  effects  were  determined  to  be 
statistically  insignificant  for  all  but  one  of  the  parameters  analyzed, 
empirically  estimated  C^.  Considering  the  number  of  parameters  analyzed, 
the  marginal  significance  of  one  of  ten  parameters  is  compatible  with  what  may 
result  from  random  chance.  The  variations  in  2-PAM  pharmacokinetic  parameters 
due  to  week  of  testing  were  insignificant  except  for  empiric  and  model-derived 
AUC<ww  There  was  no  observable  trend  in  AUC,^,  however,  over  the  weeks  of 
testing,  i.e.,  average  weekly  2-PAM  AUCWW  neither  consistently  increased  nor 
decreased.  Animal  to  animal  variability  in  2-PAM  pharmacokinetic  parameters 
was  statistically  significant  for  both  empirically  estimated  and  model-based 
auc<w4o  and  ci»m*  Tbese  animal  effects  were  strongly  influenced  by  one  sheep 
which  achieved  higher  plasma  concentrations  than  other  animals  with  all  four 
autoinjector  systems. 

Mean  2-PAM  pharmacokinetic  parameter  differences  determined  to  be 
due  to  autoinjector  systems  were  empirically  estimated  C,,,,  and  t^,  and 
model-based  t(MX  and  k#.  Multiple  comparison  tests  identified  significant 
differences  only  in  tMX,  with  the  MCA-A  group  mean  t^  being  significantly 
less  than  that  of  the  MCA  group  mean,  and  in  ka,  with  the  MCA-B  group  mean  ka 
being  significantly  greater  than  the  MCA  group  kt  mean. 

For  atropine,  all  residual  effects  on  pharmacokinetic  parameters 
were  statistically  insignificant.  The  effects  of  week  of  testing  were 
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statistically  significant  for  empirically  estimated  AUCg.24l  and  tiM,  and  for 
model-based  AUCg.24l.  As  with  2-PAM,  however,  there  was  not  a  consistent 
increase  or  decrease  in  average  weekly  values,  and  there  did  not  appear  to  be 
a  relationship  in  high  or  low  values  between  2-PAM  and  atropine.  Effects  of 
animal  to  animal  variation  were  significant  for  empiric  and  model-based 
AUC,„24|  and  C,w,  and  for  model -based  k,. 

Statistically  significant  differences  in  atropine  pharmacokinetic 
parameters  due  to  autoinjector  system  were  empiric  and  model-based  Cm  and 
t„„,  and  model -based  kt  and  V  For  both  empiric  and  model -based  CtM,  the 
MCA-A  group  mean  was  statistically  greater  than  those  estimated  for  MKI,  MCA, 
and  MCA-B  autoinjector  systems.  For  empirically  estimated  t§„,  MCA-A  and 
MCA-B  group  means  were  statistically  less  than  the  MKI  group  -saan,  and  the 
MCA-A  group  mean  tIM  was  also  statistically  less  than  the  MCA  g-nup  mean. 

Model -based  tiM  for  both  MCA-A  and  MCA-B  autoinjector  systems  was 
statistically  less  than  the  tiM  estimated  for  MKI  and  MCA  systems.  For  k,, 
both  the  MCA-A  and  MCA-B  group  means  were  statistically  greater  than  those 
estimated  for  MKI  and  MCA  systems.  Both  MCA-A  and  MCA-B  group  V_,  means  were 
statistically  greater  than  that  estimated  for  the  MKI;  the  MCA-B  group  Vd| 
mean  was  also  statistically  greater  than  that  estimated  for  the  MCA  system. 

Due  to  differences  in  the  measured  amounts  of  atrooir.e  and  2-PAM 
contained  In  different  autoinjector  systems,  it  could  be  argued  that  it  is  not 
valid  to  compare  blood  concentrations  reached  after  injections  with  these 
systems.  The  amount  of  2-PAM  contained  in  the  three  MCA  autoinjrctors  sampled 
was  statistically  greater  than  that  contained  in  samples  of  othe-  systems,  and 
yet  the  pharmacokinetic  evaluations  did  not  reflect  this.  For  atropine,  the 
amount  contained  in  the  three  MKI  atropens  sampled  was  statistically  less  than 
that  contained  in  samples  of  the  three  other  systems.  Therefore,  Cm  and 
AUC,.24I  were  normalized  by  the  average  measured  atropine  dose  in  the  three 
sampled  autoinjectors  of  each  system,  and  an  analysis  of  variance  was  carried 
out  on  the  normalized  pharmacokinetic  parameters  CM„/0  and  AUCg.24l/D.  Results 
from  the  statistical  analysis  of  the  model-based  and  empirically  estimated 
C„,/D  agreed  with  those  shown  in  Table  12  for  CI1X,  i.e.,  effects  of 
autoinjector  and  animal-to-animal  variation  were  statistically  significant, 
and  the  effects  of  test  week  were  insignificant.  For  the  empirically 
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estimated  Cin/D,  auto.injector  group  means  were  calculated  to  be  5.41,  7.08, 
5.07,  and  5.20.  (1,000  L)*1  for  MCA,  MCA-A,  MCA-8,  and  MKI,  respectively,  and 
the  MCA-A  group  mean  was  determined  to  be  statistically  greater  than  those 
calculated  for  MKI,  MCA,  and  MCA-8.  Results  from  the  statistical  analysis  of 
the  model -based  and  empirically  estimated  AUC,„24I/D  agreed  with  those  shown  in 
Table  12  for  AUC,.24#  for  animal-to-animal  and  test  week  variation  (both  .were 
determined  to  be  statistically  significant).  The  results  for  autoinjector 
effects  were  different:  autoinjector  effects  were  determined  to  be 
statistically  significant.  For  empirically  estimated  AUC,.24I/D,  autoinjector 
group  means  were  calculated  to  be  541,  509,  487  and  563  min/(l,000  L)  for  MCA, 
MCA-A,  MCA-8,  and  MKI,  respectively,  and  the  MKI  group  mean  was  determined  to 
be  statistically  greater  than  that  calculated  for  the  MCA-8  system. 

Overall,  both  2-PAM  and  atropine  appear  to  be  absorbed  more  rapidly 
when  delivered  by  MCA-A  or  MCA-8  autoinjectors  than  when  delivered  by  MCA  or 
MKI  autoinjectors.  Also,  maximum  2-PAM  concentrations  were  numerically  larger 
when  delivered  by  MCA-A  or  MCA-B  autoinjectors  compared  to  MKI  and  MCA 
autoinjectors.  Maximum  atropine  concentrations  reached  following  use  of  MCA-A 
autoinjectors  were  statistically  greater  than  those  calculated  for  MKI,  MCA, 
and  MCA-B  autoinjectors. 


5.0  RECORD  ARCHIVES 


The  eight  sheep  used  in  this  study  arrived  at  Battel 1e  on 
April  10,  1990.  Pharmacokinetic  studies  were  conducted  between  July  16  and 
August  15,  1990..  Records  pertaining  to  the  conduct  of  this  study  are 
contained  in  8attelle  laboratory  record  books  which  are  specific  for  this 
task.  These  record  books  are  clearly  labeled  as  to  contents  of  each  volume. 
These  records  and  the  final  report  will  be  maintained  at  the  MREF  until 
acceptance  of  the  final  report  by  the  U.S.  Army.  At  that  time,  records  will 
be  forwarded  to  the  U.S.  Army  or  archived  at  Battelle.  Autoinjectors  have 
been  returned  to  their  manufacturers. 


37 


6.0  ACKNOWLEDGMENTS 


The  names,  titles  and  degrees  of  the  principal  contributors  to  this 


study  are  listed  below: 

Name 

Title 

Oeqree 

Dr.  Garrett  S.  Dill 

Principal  Investigator 

D.V.M. 

Dr.  Carl  T.  Olson 

Study  Director 

O.V.M.,  1 

Dr.  Ronald  G.  Menton 

Study  Statistician 

Ph.D. 

Ms.  Robyn  C.  Kiser 

Study  Supervisor 

B.S. 

Mr.  Thomas  H.  Snider 

Pharmacokinetics  Modeler 

B.S. 

Ms.  M.  Claire  Matthews 

Statistician 

M.A. 

Mr.  Timothy  L.  Hayes 

Study  Chemist 

B.A. 

Dr.  Larry  S.  Miller 

Immunochemist 

Ph.D. 

Or.  Peter  L.  Jepsen 

Study  Veterinarian 

D.V.M. 

There  are  a  number  of  people  who  made  performance  of  this  task 
possible.  Their  invaluable  assistance  is  gratefully  acknowledged  by  the 
authors.  Among  the  many  are:  dames  Arp  and  Sheri  Moore  for  chemical 
analyses;  Or.  Ashok  Sawhney  and  Victor  Moore  for  performance  of  RIAs;  Linda 
Adams,  Stephen  Calver,  Rebecca  Geer,  William  Hart,  Pamela  Kinney,  Jonathon 
Kohne,  Jean  Ostovich,  Cynthia  Pelley,  and  Jack  Waugh  for  preparation  of  the 
sheep,  drawing  of  blood,  and  obtaining  plasma  and  serum  samples;  and  Charlotte 
Hirst  and  Tami  Kay  for  preparation  of  the  report. 

7.0  REFERENCES 


1.  Moore,  O.H.,  Tucker,  F.S.,  Hayward,  I.J.,  Lukey,  B.J.,  HI-6  and  2-PAM  in 
Sheep:  Pharmacokinetics  and  Effects  on  Muscle  Tissue  Following 
Intramuscular  Injection,  USAMRICD-TR-88-04,  May  1988. 

2.  Moore,  O.H.,  Lukey,  B.J.,  von  Bredow,  J.O.,  Smallridge,  R.C.,  The 
Pharmacokinetics  of  Atropine  and  Diazepam  in  Sheep:  Intramuscular 
Co-administration,  USAMRICD-TR-88-05,  May  1988. 


3.  Joiner^  R.U,  Dill,  G.S.,  Olson,  C.T.,  Snider,  T.H.,  Kiser,  R.C.,  lordo, 
R.A.,  Hobson,  O.W.,  Hayes,  T.L.,  "Final  Report  on  Task  88-38  (Report  2  of 
2):  A  Comparison  of  Mark  I  and  Multichambered  Autoinjector  Antidote 
Systems  in  Terms  of  Pharmacokinetics"  submitted  by  Battelle  to  U.S.  Army 
Medical  Research  and  Development  Command  Institute  of  Chemical  Defense, 
January  1990.  . 

4.  Miller.  R.G..  Simultaneous  Statistical  Inference,  Springer-Verlag,  New 

York,  1981.  ' 


APPENDIX  A 


Protocols 


•  -  '  ■'  '  ,  y^'!'  "•  ' V’ ;  ;~ ".V  S-j'S 

*  *" J*.  •  '  -*.>.» '«';uViir«r  n-±i.±.rlz:y  rii  ••-•Vv,':;; 


■  -1*(!|REF  Protocol  59 i 
\Hedical='R4search .  and:  •./  r  f’\ 
Evaluation  Facility 
March  22,  1990 
Page  l 


Comparison  of  the  Pharmacokinetics  of  Atropine  and 
Pralidoxime  Chloride  in  Sheep  Using  Four  Autoinjector  Systems 


Study  performed  by  Battel le 
505  King  Avenue,  Columbus,  Ohio  43201-2693 


1.  MREF  Manager:  Garrett  S.  Dili ,  D,V.M. 

2.  Study  Oi rector;  Carl  T.  Olson,  O.V.M.,  Ph.O. 

3.  Study  Veterinarian:  Peter  L.  Jepsen,  O.V.M. 

4.  Statistician:  Ronald  G.  Menton,  Ph.O. 

5.  Sponsor:  U.S.  Army  Medical  Research  and  Development  Command  (USAMRDC) 

6.  COR:  ITC  Don  W.  Korte,  Jr.,  U.S.  Army  Medical  Research  Institute  of 
CKemical  Oefense  (USAMRICD) 

7.  Objective:  The  U.S.  Army  Medical  Hateriel  Development  Activity  (USAMMOA) 
is  currently  evaluating  candidate  multi chambered  autoinjector  antidote 
systems  in  order  to  select  a  system  with  which  to  replace  the  Mark  I. 
Information  is. needed  on  the  pharmacokinetics  of  atropine  and  pralidoxime 
chloride  (2-PAH)  when  delivered  by  the  different  autoinjector  systems  to 
select  the  optimal  system  for  further  development.  The  objective  of  this 
Task  is  to  compare  the  pharmacokinetics  of  atropine  and  2-PAM  when 
delivered  by  the  Mark  I  (MKI)  or  three  different  candidate  systems.  The 
Task  is  performed  by  measuring  blood  levels  of  atropine  and  2-PAM  in 
sheep  after  intramuscular  (IM)  injection  of  the  compounds,  at  similar 
dose  levels,  using  each  of  the  systems  in  each  sheep.  This  study  is 
conducted  under  the  requirements  of  the  U.S.  Food  and  Drug 
Administration's  (FDA)  Good  Laboratory  Practices  (GLP)  regulations. 

8.  Experimental  Oesiqn: 

A.  Test  System 

(1)  Animals  •  Sheep  are  used  for  this  study  because  of  previous  work 
measuring  blood  levels  of  atropine  and  2-PAM  in  this  species, 
and  because  of  similarities  with  man  in  body  weight.  Sheep 
(Ovine)  are  yearling  wethers  of  mixed  breeding. 


Protocols  of  all  experiments  using  animals  are  reviewed  and 
approved  by  Battel le's  Institutional  Animal  Care  and  Use 
ommittee  (IACUC)  prior  to  initiation  of  the  study.  The  Program 
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Manager  accepts  responsibility  for  the  proper  care  and  use  of 
animals  in  the  conduct  of  research  described  in  the  protocols. 
Sheep  are  Q-Fever  negative,  mature  withers  obtained  from  Thomas 
0.  Morris,  Inc.  (Reistertown,  MO)  or  another  similar,  approved 
source  of  research  animals.  Sheep  are  shorn,  as  necessary,  to 
improve  their  comfort  in  an  indoor  environment  or  to  Increase 
ease  of  injections,  blood  sampling,  and  physiologic  monitoring. 

(2)  Weight  -  Initial  weight  of  *seep  will  be  60-80  kilograms. 

(3)  Quarantine  -  Sheep  are  exfiined  by  a  veterinarian  upon  arrival. 
Blood  samples  are  drawn  for  complete  blood  counts  and  fecal 
samples  are  obtained  for  parasite  infestation  evaluation.  Sheep 
are  held  in  isolation  and  observed  for  signs  of  clinical  illness 
for  at  least  7  days  prior  to  use  in  a  study. 

(4)  Selection  -  Animals  selected  after  quarantine  are  in  good 
physical  condition.  Eight  sheep  are  used  in  this 
pharmacokinetic  study. 

(5)  Animal  Identification  •  All  animals  are  tagged  in  the  ear  to 
retain  positive  identification  during  handling  and  observation. 

(6)  Housing  -  Sheep  are  group  housed  in  an  outdoor  fenced  area  with 
available  shelter  until  they  are  used  in  experimentation.  At 
the  time  of  experimentation,  they  are  placed  in  slings  to  which 
they  have  been  acclimated. 

(7)  Lighting  •-  Sheep  are  group  housed  in  an  outdoor  fenced  area 
prior  to  experimentation.  When  they  are  moved  into  experimental 
areas,  fluorescent  lighting  with  a  light/dark  cycle  of  12  hr 
each  per  day  is  used. 

(8)  Temperature  •  Maintained  at  65  t  IS  F  in  indoor  areas. 

(9)  Humidity  -  Maintained  at  50  t  20  percent  in  indoor  areas. 

(10)  Oiet  -  Sheep  are  fed  Purina  Rumilab®  Chow  with  limited 
quantities  of  locally-purchased  hay  and  commercially  available 
higher  energy  feeds,  as  needed,  to  maintain  or  increase  weight. 
No  contaminants  that  would  interfere  with  the  results  of  the 
study  are  known  to  be  present  in  the  feed. 

(11)  Water  Supply  -  Water  is  supplied  from  the  Ba^el le  West 
Jefferson  water  system  and  given  ad  1  ibi turn  during  quarantine 
and  holding.  No  contaminants  that  would  affect  the  results  of 
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the  study  are  known  to  be  present  in  the  water.  Water-  is 
analyzed  for  impurities  on  an  annual  basis. 

(12)  Battel le* s  Animal  Resources  Facilities  have  been  registered  with 
the  U.S.  Department  of  Agriculture  (USDA)  as  a  Research  Facility 
(Number  31-21)  since  August  14,  1967,  and  are  periodically 
inspected  in  accordance  with  the  provisions  of  the  Federal 
Animal  Welfare  Act.  In  addition,  animals  for  use  in  research 
are  obtained  only  from  laboratory  animal  suppliers  duly  licensed 
by  the  USDA.  Battel le's  most  recent  statement  of  assurance 
regarding  the  Department  of  Health  and  Human  Services  (DHHS) 
policy  on  humane  care  of  laboratory  animals  was  accepted  by  the 
Office  of  Protection  from  Research  Risks,  National  Institutes  of 
Health  on  July  29,  1986.  Animals  at  Battel le  are  cared  for  in 
accordance  with  the  guidelines  set  forth  in  the  "Guide  for  the 
Care  and  Use  of  Laboratory  Animals"  (DHHS  Publication  No.  (NIH) 
85-23)  and/or  in  the  regulations  and  standards  as  promulgated  by 
the  Agricultural  Research  Service,  USDA,  pursuant  to  the 
Laboratory  Animal  Welfare  Act  of  August  24,  1966  as  amended 
(P.L.  89-544  and  P.L.  91-579' . 

(13)  On  January  31,  1978,  8attelle  received  full  accreditation  of  its 
animal  care  programs  and  facilities  from  the  American 
Association  for  Accreditation  of  Laboratory  Animal  Care 
(AAALAC).  Battel le's  full  accreditation  status  has  been  renewed 
after  every  inspection  since  the  original  accreditation.  The 
HREF  is  a  part  of  the  facilities  granted  full  accreditation. 

B.  Test  Material 

Atropine  (CAS  51-55-8)  and  2-PAM  (CAS  51-15-0)  contained  in  injection 
systems  are  provided  by  USAMRICD.  Sufficient  numbers  of  each  system 
from  the  same  lot  are  provided  so  that  analyses  can  be  done  on 
representative  samples  to  confirm  identity  and  quantitate  the  amount 
of  atropine  (HREF 

SOP-89-55)  and  2-PAM  (MREF  SOP-88-39)  delivered  by  each  system  and  so 
that  sufficient  numbers  of  sheep  can  be  injected  to  perform  this 
pharmacokinetic  study. 

C.  Test  Groups 

Sheep  are  given  atropine/2-PAM  IM,  using  each  of  the  injection 
systems  on  each  day  of  testing.  At  times  after  injection  of 
approximately  1,  2,  3,  A,  5,  6,  8,  12,  16,  20,  40,  60,  80,  120,  180, 
and  240  min,  blood  samples  are  taken  from  the  jugular  vein,  either 
through  an  indwelling  catheter  or  by  using  a  syringe  and  needle. 
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Blood  samples  are  analyzed  for  atropine  and  2-PAM  (MREF  SQP-89-57) 
concentrations.  2-PAM  concentration  is  measured  by.  Battel le  using 
spectrophotometric  analyses  and  a  standard  2-PAM  curve  prepared  from 
known  concentrations.  Atropine  analyses  are  conducted  at  Battelle's 
Columbus  Laboratory  using  radioinmunoassay.  After  a  minimum  one-week 
1  washout  period,  the  same  sheep  are  used  again,  but  each  sheep  is 
given  atropine/2-PAM  using  an  injection  system  not  used  the  first 
time.  This  is  repeated  until  each  of  the  eight  sheep  are  given 
atropine/2 -PAM  using  each  injection  system. 

When  atropine  and  2-PAM  analyses  are  completed,  blood  concentrations 
as  a  function  of  time,  maximum  concentrations,  times  to  maximum 
concentrations,  area  under  the  blooJ  concentration  curves  from  time 
0  to  4  hr,  absorption  and  elimination  rate  constants,  and  volumes  of 
distribution  are  estimated.  Statistical  analyses,  as  described  in 
Section  9,  are  performed  to  determine  if  any  significant  differences 
exist  between  values  as  a  function  of  the  injection  system. 

0.  Study  Preparations 

Animals  are  held  in  a  pen  and  acclimated  to  a  s'.ing  at  the  MREF  prior 
to  use.  Each  sheep  is  weighed  within  24  hr  of  intended  use. 

9.  Statistical  Approach:  Pharmacokinetic  parameters  measured  for 

atropine/2-PAM  administered  by  each  system  are  compared  to  those  obtained 
for  atropine/2-PAM  administered  by  the  other  systems  to  determine  any 
significant  (P  <  0.05)  difference.  Responses  will  be  analyzed  using 
crossover  design  analysis  of  variance  techniques  or  t-tests. 

10.  Records  to  be  Maintained: 

A.  Analyses  of  atropine  and  2-PAM  in  injection  systems; 

B.  Analyses  of  atropine  <*  d  2-PAM  in  blood; 

C.  Experimental  parameters  and  test  conditions. 

11.  Reports;  A  draft  final  report  will  be  prepared  and  submitted  for  review 
to  "the  USAMRDC  COR  within  30  working  days  after  completion  of  the  task. 

It  will  include  the  follcv.-ing: 

A  Experiment  *  design; 

8.  Animal  supp  sr; 

C.  Test  animal  selection  criteria; 


r 
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0.  Pharmacokinetic  estimates; 

E.  Statistical  methodology; 

F.  Discussion  of  findings. 

A  final  report  that  addresses  the  review  comments  of  (JSAMROC  will  be 
prepared  and  submitted  within  30  working  days  of  receipt  of  comments. 


USAMRICO  COR 
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Comparison  of  the  Pharmacokinetics  of  Atropine  and 
Pralidoxime  Chloride  in  Sheep  Using  Four  Autoinjector  Systems 


Protocol  Amendment  No.  i 
Change:  Page  4,  Section  8.0. 

"Each  Sheep  is  weighed  within  24  hr  of  intended  use.*  is  deleted. 


Reason:  Weighing  each  sheep  immediately  prior  to  each  study  is  unnecessary 
since  each  animal  will  be  given  each  treatment  in  a  four-way 
crossover  design.  Injections  will  be  given  in  a  random  fashion  as 
designed  by  a  statistician  in  order  to  preclude  effects  of  day  of 
injection  on  pharmacokinetic  parameters. 

Impact  on  Study:  None. 


_CcjJ.  4, -29^0 

Carl  f.  Olson,  6.V.M.,  Ph.tt.  Date 

Study  Director 
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Comparison  of  the  Pharmacokinetics  of  Atropine  and- 
Pralidoxime  Chloride  in  Sheep  Using  Four  Autoinjector  Systems 


Oeviation:  This  protocol  specifies  sheep  will  be  held  in  rooms  with  a 
temperature  range  of  50-80  F  and  a  relative  humidity  of 
30-70  percent.  Conditions  in  animal  rooms  are  recorded  twice 
daily  using  a  hand-held  combination  thermometer/hygrometer  to 
obtain  temperature  and  relative  humidity  readings.  The  relative 
humidity  recorded  in  rooms  in  which  sheep  were  held  during  this 
experiment  were  as  high  as  81  percent.  Excursions  above  the 
relative  humidity  range  specified  in  the  protocol  were  reported  to 
a  maintenance  engineer  and  adjustments  of  humidistats  made. 


Impact  on  Study:  Temperature  and  relative  humidity  ranges  recommended  for 

sheep  are  not  specified  by  the  National  Institutes  of  Health 
in  their  Guide  for  the  Care  and  Use  of  Laboratory  Animals 
(NIH  Publication  No.  86-23,  Revised  1985).  The  short-lived 
excursions  above  the  relative  humidity  specifications  stated 
in  the  protocol  should  have  no  impact  on  the  validity  of  the 
study. 


d(xS  V.  iQtw-  Id'/Sr^c, 

Carl  f.  Olson,  D.V.M^,  Ph.O.  Oate 

Study  Oi rector 


LTC  Con  W.  Korte,  Jr..; 
USAMRICD  COR 
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Comparison  of  the  Pharmacokinetics  of  Atropine  and 
Pralidoxime  Chloride  in  Sheep  Using  Four  Autoinjector  Systems 


Protocol  Amendment  ho.  2 

Change:  Page  3,  Section  8.C. 

"At  times  after  injection  of  approximately  1,  2,  3,  4,  5,  6,  8,  12, 
16,  20,  40,  60,  80,  120,  180,  and  240  min,  blood  samples  are  taken 
from  the  jugular  vein,  either  through  an  indwelling  catheter  or  by 
using  a  syringe  and  needle."  is  replaced  with  "Prior  to  the  injection 
of  atropine  and  2-PAH  and  at  times  after  injection  of  approximately 
1,  2,  3,  4,  5,  6,  8,  12,  16,  20,  40,  60,  80,  120,  180,  and  240  min, 
blood  samples  are  taken  from  the  jugular  vein,  either  through  an 
indwelling  catheter  or  by  using  a  syringe  and  needle." 

Reason:  Blood  samples  are  taken  prior  to  injection  of  atropine  and 
2- PAM  for  determination  of  control,  baseline  values  for  any 
interference  in  atropine  or  2-PAM  analyses. 

Impact  on  Study:  None. 
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Protocol  Amendment  No.  3 

Change:  Page  4,  Section  3.C. 

"Blood  samples  are  analyzed  for  atropine  and  2-PAM  (MREF  SOP  89-57) 
concentrations."  is  changed  to  read  "Blood  samples  are  analyzed  for 
atropine  and  2-PAM  (MREF  SOP  85-19)  concentrations." 

Reason:  The  Technicon  spectrophotoraetric  method  for  determining 

concentrations  of  2-PAH  in  plasma  is  to  be  used  rather  than 
the  HPIC  technique.  Both  techniques  were  used  in  a  previous  study 
and  gave  comparable  results,  but  the  Technicon  method  was  faster  and 
less  laborious. 

Impact  on  Study:  None. 


CLjl  V. 

?!  ■T:^Tso?i;T:7;M".7'Pftvr 


CarT 
Study  Oi rector 


Bate 


sop-aa-39 
Oecember  30,  1988 
Page  l 


STAN0AR0  OPERATING  PROCEDURE 
MREF  SOP-88-39  . 


’  TITLE:  Analysis  and  Structural  Verification  of  Pralidoxime  Chloride 

LABORATORY:  MREF.  HML.  or  Kino  Ave.  SOP  APPROVAL  DATE:  02/26/90 

PLACE  OF  OPERATION  OR  TEST:  Any  safety  approved  laboratory  within  the 

approved  facilities 


This  Standard  Operating  Procedure  (SOP)  has  been  prepared  as  prescribed  by 
Contract  0AMQ17-89-C-9050  and  will  be  effective  for  one  year  from  date  of 
approval  unless  sooner  rescinded  or  superseded. 

No  deviation  from  this  SOP  will  be  permitted.  Whenever  the  approved  method  is 
changed,  the  SOP  will  be  revised. 

Supervisory  personnel  will  assure  that  all  personnel  involved  with  this  SOP 
have  been  properly  trained  and  instructed  in  its  provisions  and  attest  to  this 
requirement  by  affixing  their  signatures  on  page  3. 

A  copy  of  this  SOP  will  be  posted  at  the  job  site  whenever  the  operation  is 
being  performed. 


Submitted  By: 


Approved  By: 


Approved  By: 


<7  Sign4ture/0ate 


Timothy  L.  Hayes,  Principal  Research  Scientist 
Printed  Name/ Title  u  .  ' 


3-/ &L  //*?  <J 
Signature/ 04 te  ' 

David  L.  Stitcher,  CIH,  Safety/Surety  Officer 
"™  Printed  Name/Title 


Revised  February  20,  1990 


psova 


Approved  By: 


Approved  By: 
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u  Sigirature/Date 

Quality  Assurance  Unit 
Health  and  Environment  Group 
Printed' Name/Ti tie 


Charles  K.  Burdick,  Oirector 
Total  Quality  Program 
Health  and  Environment  Group 
Printed  Name/Title 
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SIGNATURES 


I  have  read  and  understand  the  contents  of  MREF  SOP-88-39. 


Revised  February  20,  1990 
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STANDARD  OPERATING  PROCEDURE  88-39 


Analysis  and  Structural  Verification  of  Pralidoxime  Chloride 


A.  Statement  of  Work:  This  SOP  describes  the  procedures  for  verification  of 
identity  and  quantitative  measurement  of  pralidoxime  chloride  (2-PAM  Cl) 
by  high  performance  liquid  chromatography  (HPLC).  The  procedures  for 
structural  verification  by  nuclear  magnetic  resonance  (NMR)  of  2-PAM  Cl 
present  in  drug  formulations  are  also  described.  The  HPLC  effort  can  be 
conducted  at  either  the  MREF,  HML  or  King  Avenue  but  the  NMR  requires  the 
facilities  at  King  Avenue. 

8.  Responsibility: 

1.  Personnel  Qualifications:  Technical  staff  will  consist  of  individuals 
designated  by  the  Chemistry  Coordinator  to  perform  structural 
verification  of  the  drug  used  in  this  task;  i.e.,  2-PAM  Cl. 

2.  Leaders:  Leaders  of  each  operation  will  be  designated  by  the  Study 
Oi rector  for  that  operation.  Each  leader  will  insure  that  the 
following  are  observed: 

a.  Only  authorized  personnel  meeting  requirements  set  forth  in 
Section  8.1  are  allowed  in  the  room  during  operations. 

b.  Adequate,  approved,  protective  equipment  is  available  at  all  times 
to  personnel  at  their  work  site. 

c.  All  leader  and  technical  staff  responsibilities  specified  in  the 
MREF  FSSP  are  followed  when  work  is  conducted  at  the  MREF. 

d.  Each  MREF  or  HML  employee  has  been  trained  in  the  techniques  of 
administering  first  aid  and  self  aid. 

e.  Work  under  this  SOP  is  performed  only  in  the  area(s)  or  room(s) 
designated  by  this  SOP. 

f.  No  food,  beverage,  or  tobacco  product  is  consumed,  used,  or 
brought  into  the  laboratory.  The  wearing  of  contact  lenses  is 
prohibited  in  the  laboratory. 

g.  The  safety  requirements  of  this  SOP,  as  well  as  normal  laboratory 
safety,  are  maintained. 
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h.  All  applicable  SOPs  are  read  and  signed  by  all  technical  staff 
involved  in  the  operation. 

3.  Technical  Staff:  Technical  staff  will  be. responsible  for  abiding  by 
requirements  set  forth  in  Section  8.2.  In  addition,  they  must  use 
personal,  protective  equipment  provided  and  develop  safe  work  habits 
to  protect  themselves  and  fellow  workers  from  injury  and  to  prevent 
damage  to  material,  equipment,  and  facilities. 

4.  Research  Organization:  The  organization  involved  in  this  research  is 
the  MREF1  of  Sattel 1 e  Memori al  Institute,  SOS  King  Avenue,  Columbus, 
Ohio  43201-2693. 

C.  Materials  To  8e  Used:  The  2-PAM  Cl  used  on  this  program  will  be  provided 
by  the  U.S.  Army  Medical  Research  and  Development  Command  (USAMRQC)  or 
purchased  from  a  traceable  source  of  purity.  Upon  receipt,  the  2-PAM  Cl 
will  be  stored  in  a  desiccator  at  -10  C  or  as  directed  by  the  supplier. 

NMR  spectra  will  be  obtained  on  dilute  solutions  of  the  drug  dissolved  in 
>  99.3  percent  deuterium  oxide  {Stohler  Isotope  Chemicals  or  equivalent). 
NMR  tubes  will  be  the  Stohler  Isotope  Chemicals  "Ultra  Precision*  model  or 
the  equivalent  model  from  other  manufacturers. 

Other  materials  will  include  acetonitrile  (Burdick  and  Jackson  HPIC  grade 
or  equivalent),  deionized  water  or  millipore  water,  acetic  acid,  glacial 
(Baker  reagent  grade  Cat.  No.  9S08-03),  tetrabutyl ammonium  chloride 
(Aldrich  28,888-8),  benzophenone  (Aldrich  23,985-2),  tetrabutyl ammonium 
nitrate  (Kodak  9664),  sodium  lauryl  sulfate  (dodecyl  sulfide,  sodium  salt) 
(Aldrich  86-201-0),  helium  gas,  and  nitrogen  gas. 

0*  Equipment:  Proton  NMR  spectra  will  be  obtained  on  Battelle's  Varian 
CFT-20  Fourier  transform  NMR  spectrometer  located  in  Room  7237-A  of  the 
King  Avenue  facility. 

The  HPLC  analytical  system,  to  be  used  consists  of  the  following:  HPLC 
pump,  HPLC  ultraviolet  (UV)  detector,  HPLC  injection  system  (autosampler), 
HPLC  reverse-phase  column,  strip-chart  recorder  (optional),  and  electronic 
data  system.  Any  equivalent  system  may  be  used  once  confirmation  of 
performance  has  been  established. 

Other  equipment  includes:  glass  bottles,  glass  vials,  Teflon  cap  liners, 
microsyringes,  pipettes,  volumetric  flasks,  graduated  cylinders, 
autosampler  vials,  refrigerator,  Teflon  wash  bottles,  gas  tight  syringes, 
filter  flask  system,  Pasteur  pipettes,  dropper  bulbs,  chart  paper, 
spher-'sorb  ODS  2  analytical  HPLC  column  or  equivalent,  recorder  pens, 
weighing  paper,  pipettes,  pipette  bulbs,  and  spatula. 
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E.  Hazards  Involved; 

1.  Solvents:  The  solvents  used  in  preparing  the  dilute  material  may  have 
hazards  associated  with  their  use.  A  copy  of  the  Material  Safety  Data 
Sheets  (MSOS)  is  available  in  the  administrative  area  of  the  HREF  or 
through  Battelle's  Safety  Office  at  505  King  Avenue.  A  brief  listing 
of  hazards  associated  with  handling  the  more  commonly  used  solvents 
has  been  included: 

a.  Acetonitrile:  Acetonitrile  is  a  flammable  liquid  that  must  be 
handled  as  a  solvent  with  a  dangerous  fire  risk.  The  flesh  point 
of  acetonitrile  is  5.56  C.  The  1988-1989  ACGIH  TLV  for 
acetonitrile  is  40  parts  per  million  (ppm)  as  an  8-hr  TWA  and 

60  ppm  as  a  15-min  STEL.  Skin  contact  may  also  represent  a 
significant  route  of  exposure. 

b.  Methanol :  Methanol  is  a  flammable  liquid  that  must  be  handled  as 
a  solvent  with  a  dangerous  fire  risk.  The  flash  point  (open  cup) 
of  methanol  is  12.2  C,  with  an  autoignition  temperature  of  464  C. 
The  1988-1989  ACGIH  TLV  for  methanol  is  200  ppm  as  an  8-hr  TWA  and 
250  ppm  as  a  15-min  STEL.  Also,  skin  contact  may  represent  a 
significant  route  of  exposure. 

c.  Benzene:  Benzene  is  a  flammable  liquid  that  must  be  handled  as  a 
solvent  with  a  dangerous  fire  risk.  Benzene  is  toxic  by 
ingestion,  inhalation,  and  skin  absorption.  Benzene  is  regulated 
as  a  carcinogen  by  the  Occupational  Safety  and  Health 
Administration  (OSHA)  resulting  in  excess  leukemia.  Containers 
must  say  “DANGER  CONTAINS  BENZENE  CANCER  HAZARD . *  OSHA  8-hr 
permissible  exposure  limit  (PEL)  «  l  ppm,  Actio.i  Level  *  0.5  ppm. 

F.  Safety  Requirements: 

1.  Hoods*  Hood  face  velocity  must  average  100  t  20  Ifpm.  The  average  is 
computed  from  individual  readings  taken  in  approximately  each  square 
foot  of  hood  face  (usually  nine  readings).  No  equipment  will  be 
within  20  cm  of  the  face  of  the  hood. 
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2.  Protective  Equipment:  When  working  in  the  MREF  laboratory,  the 
following  clothing  and  protective  gear  are  required  as  a  minimum  for 
all  personnel.  This  equipment  must  be  used  as  directed  in  the  FSSP. 

lab  coat 

latex  gloves  (as  needed) 
protective  eyewear 

All  provisions  of  the  FSSP  apply  to  the  checking  and  testing  of 
gloves,  aprons,  respirators,  and  other  protective  equipment. 

3.  First  Aid:  The  location  of  the  nearest  eye-wash  fountain  shower,  and 
fire  extinguisher  will  be  known  to  all  workers  before  work  begins. 

G.  Procedures : 

1.  MREFEntrv:  8efore  entering  the  secured  facility,  note  the  status  of 
the  '"Agent-in-Use"  light  at  the  tumsHJe.  If  the  "Agent-in-Use* 
lights  are  turned  on,  note  the  room  location  and  be  sure  that  upon 
entry  to  the  laboratory  area  all  safety  equipment  and  procedures 
described  in  FSSP  SOP  MREF-18  are  in  place.  Upon  entry  of  the  room, 
confirm  that  there  are  no  audible  alarms.  No  operations  can  be 
initiated  in  a  room  with  audible  alarms.  After  entry,  personnel  wili 
observe  the  magnehelic  gauge  on  the  hood.  If  inspection  reveals  that 
the  hood  has  failed,  is  marginal  in  flow,  or  operates  outside  the 
guidelines  of  FSSP  SOP  MREF-21,  the  problem  is  reported  to  the  MREF 
Manager  and  the  operation  does  not  begin. 

2.  Hood  Set  Up:  The  operation  hood  area  must  be  prepared  with  all 
materials  necessary  to  perform  the  operation  prior  to  starting  the 
operation.  All  materials  will  be  kept  behind  the  8-inch  line  in  the 
hoed. 

Plastic-backed,  absorbent  paper  must  be  used  to  protect  the  work 
surface  of  the  hood. 

3.  Sample  Preparation:  The  drug  formulation  samples  provided  by  the 
USAMRDC  are  manipulated  so  that  the  interference  of  solvents  and  other 
components  associated  with  the  samples  is  minimized  to  provide 
relatively  pure  drug  samples  for  NMR  analysis. 

HPIC  analyses  may  be  performed  on  either  the  dosing  formulation  as 
received,  dilutions  of  the  parent  materials,  or  on  reference  standard 
solutions  of  known  concentration. 
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a.  Analytical  Reference  Standard:  2-PAM  Cl  solid  reference  standard 
supplied  by  the  USAMRQC  is  dried  at  100  C,  0.4-mm  Hg  for  3  hr 
prior  to  use.  This  is  performed  oy  olacing  the  solid  material 
contained  in  its  original  container  which  has  had  its  cap  removed 
into  a  pre-heated  oven.  The  oven  is  sealed  and  the  vacuum 
adjusted  to  0.4  mm  Hg. 

b.  NMR  Analysis:  Approximately  2.0  mL  of  the  2-PAM  Cl  formulation  is 
transferred  to  a  9.S  dram  vial  and  frozen  therein  by  partially 
immersing  in  dry  ice/acetone  after  the  vial  is  capped.  This  vial 
is  placed  in  a  chamber  of  a  lyophilization  apparatus  and  subjected 
to  high  vacuum  until  the  sample  reaches  a  state  of  dryness. 

NMR  samples  are  prepared  by  dissolution  of  several  mg  of  the  dried 
samples  in  deuterium  oxide  and  are  transferred  into  an  NMR  tube 
(tube  capped  after  transfer)  for  NMR  analysis. 

c.  HPLC  Analysis:  Samples  are  diluted  with  mobile  phase  so  that  the 
expected  concentration  range  is  between  0.01  and  0.10  mg/mL. 
Samples  are  refrigerated  until  analysis. 

4.  Preparation  of  Standard  Solutions:  Standard  solutions  of  2-PAM  Cl  are 
prepared  for  an  NMR  reference  spectrum  and  HPLC  standard  curve 
determinations. 

a.  NMR:  Within  a  glove  bag  thoroughly  flushed  with  dry  nitrogen  or 
argon,  weigh  10  mg  t  0.1  of  2-PAM  Cl  onto  weighing  table. 

Transfer  the  sample  into  a  screw-capped  bottle  and  close  tightly. 
Outside  the  bag,  dissolve  the  sample  in  an  accurately  measured 
volume  of  10.0  ml  of  deuterium  oxide  and  recap  the  bottle  to 
minimize  the  contamination  of  the  sample  with  undeuterated 
moisture. 

b.  HPLC:  Accurately  weigh  50  mg  t  0.1  mg  of  2-PAM  Cl  onto  weighing 
paper.  Quantitatively  transfer  the  2-PAM  Cl  into  a  50-mL 
volumetric  flask  containing  approximately  40  ml  of  mobile  phase 
(see  Section  G.5.b.).  Mix  the  solution  thoroughly.  Dilute  to  50 
mL  with  water  and  remix  the  solution.  The  resulting  concentration 
of  the  2-PAM  Cl  stock  will  be  approximately  1  mg/mL. 

Weigh  out  10  g  t  0.1  g  of  benzophenone,  the  internal  standard 
(IS),  and  quantitatively  transfer  the  material  into  a  25-mL 
volumetric  flask  containing  approximately  20  mL  of  acetonitrile. 
Mix  well  until  dissolved.  Dilute  to  25.0  mL  with  acetonitrile  and 
remix  the  solution. 
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The  resulting  concentration  of  the  benzophenone  internal  standard 
stock  is  400  mg/ml. 

Mix  and  dilute  the  2-PAM  Cl  stock  solution  with  mobile  phase  (see 
Section  G.4.b)  in  10  mL  volumetric  flask  as  follows: 

1.0-mL  stock  +  9.0-mL  mobile  phase 
0.50-mL  stock  ♦  9.5-mL  mobile  phase 
0.25-mL  stock  +  9.75-mL  mobile  phase 
0.10-mL  stock  ♦  9.90-mL  mobile  phase 
0.0-mL  stock  +  10.0-mL  mobile  phase 

After  the  standards  have  been  prepared,  each  level  is  the  spiked 
5  pi  of  the  internal  standard  solution.  The  final  standard 
concentrations  are  0.10,  0.050,  0.025,  0.010,  and  0.0  mg  per  mL. 

Diluted  standard  solutions  are  kept  refrigerated  until  used. 
Standards  may  be  stored  refrigerated  for  up  to  30  days. 

5.  Analysis  Start-Up:  NMR  is  performed  to  verify  the  structure  of  the 
2-PAM  tl.  Hf»lt  is  performed  to  quantitatively  determine  the 
concentration  of  2-PAH  in  the  samples  and  identity  confirmation  of 
2-PAM  in  the  dosing  solution  by  retention  indices  comparison. 

a.  NMR:  Calibrate  the  NMR  instrument  and  data  system  according  to 
instructions  in  the  operator's  manual.  When  properly  calibrated 
against  the  standard  reference  solutions  identified  in  the  manual, 
proceed  with  the  analysis. 

b.  Quantitative  HPLC:  Prepare  HPLC  mobile  phase  buffer  for 
quantitative  analysis  by  dissolving  2.7  g  of  tetramethyl ammonium 
chloride  in  approximately  900  ml  of  deionized  water.  Add  1.0  mL 
of  glacial  acetic  acid  and  dilute  to  1  L  and  mix.  Store  in  a 
clean,  1-L  glass  bottle.  Use  within  30  days. 

The  mobile  phase  may  be  established  using  a  gradient  system  with  a 
40  percent  buffer  :  60  percent  acetonitrile  ratio  or  mixed  prior 
to  analysis.  To  mix  the  mobile  prior  to  analysis,  add  400  mL  of 
the  ouffer  prepared  above  to  a  1-L  glass  bottle  and  add  600  mL  of 
acetonitrile  and  mix.  Once  the  buffer  has  been  prepared,  it  must 
be  filtered  and  used  within  30  days. 

Insure  the  appropriate  analytical  column  has  been  installed  in  the 
analytical  system  and  that  the  injector  is  equipped  with  at  least 
a  20-pl  sample  injection  loop. 
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All  mobile  phase  must  be  degassed  for  at  least  S  min  with 
nitrogen,  or  helium  prior  to  use. 

The  detector  and  the  pump  must  be  turned  on  for  a  warm-up  period  ' 
of  at  least  15  min  prior  to  system  evaluation.  The  pump  flow  must 
be  set  at  1.2  ml/mi n  during  the  warm-up  period.  After 
approximately  15  min,  measure  the  flow  for  5  min  with  a  10-ml 
graduated  cylinder.  The  flow  rate  must  be  set  at 
1.2  t  0.1  mt/min.  Adjust  the  flow  rate  setting  on  the  pump  if 
necessary  to  obtain  an  actual  flow  rate  within  these  limits  and 
re-check. 

After  the  pump  has  been  on  for  about  30  min,  adjust  the  detector 
zero  with  the  balance  control  with  the  detector  set  at  0.064  AUFS. 
Adjust  the  recorder  to  electrical  zero  at  “0"  chart  units.  Adjust 
the  detector  zero  to  slightly  above  the  electrical  zero  position 
with  the  recorder  balance  control. 

c.  HPLC  Identity  Confirmation;  Prepare  HPLC  mobile  phase  buffer  for 
the  initial  identity  confirmation  using  a  Supelco  LC-1  column  by 
dissolving  6.0  g  of  sodium  lauryl  sulfate  and  1.0  g  of 
tetrabutyl ammonium  nitrate  in  1,000  mL  of  deionized  water.  Add 
20  ml  of  glacial  acetic  acid  to  the  solution  and  mix.  Filter  the 
solution  with  a  5  /im  filter  and  store  in  a  clean  glass  bottle. 

Use  within  30  days. 

The  mobile  phase  may  be  established  using  a  gradient  system  with  a 
60  percent  buffer:40  percent  acetonitrile  ratio  or  mixed  prior  to 
analysis.  To  mix  the  mobile  prior  to  analysis,  add  600  mL  of  the 
buffer  prepared  above  to  a  l-l  glass  bottle  and  add  400  mL  of 
acetonitrile  and  mix.  Once  the  buffer  has  been  prepared,  it  must 
be  used  within  30  days. 

Insure  the  appropriate  analytical  column  has  been  connected  to  the 
injector  and  detector,  and  that  the  injector  is  equipped  with  a 
20-/iL  sample  injection  loop. 

All  mobile  phase  must  be  degassed  for  at  least  5  min  with 
nitrogen,  or  helium  prior  to  use. 

The  detector  and  the  pump  must  be  turned  on  for  a  warm-up  period 
of  at  least  15  min  prior  to  system  evaluation.  The  pump  flow  must 
be  set  at  1.0  mL/min  during  the  warm-up  period.  After 
approximately  15  min,  measure  the  flow  for  5  min  with  a  10-mL 
graduated  cylinder.  The  flow  rate  must  be  set  at 
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For  every  ten  samples  to  be  analyzed,  at  least  one  blank  sample 
and  one  standard  must  be  analyzed.  All  samples  must  be  analyzed 
under  the  same  conditions  used  for  the  standards. 

c.  HPLC  Identity  Confirmation:  For  confirmation  of  the  identity  of 
2-PAM  Cl  by  HPLC,  a  second  set  of  HPIC  conditions  is  employed. 

The  following  is  a  set  of  HPLC  conditions  found  to  be  satisfactory 
for  the  confirmation  of  2-PAM  Cl: 

Column:  Supelco  LC-1  (Stock  No.  5-8296)  250  x  4.6  mm,  5  micron 
and  Supelco  LC-1  guard  column  (Stock  No.  5-9551) . 

Mobile  Phase:  See  Section  G.4.C 

Oetector:  UV  9  254  nm 

Flow  Rate:  1.0  mL/min 

Injection  Volume:  20  /iL 

For  confirmation  purposes,  analyze  a  2-PAM  Cl  standard  and  a 
formulation  sample  under  these  HPLC  conditions. 

7.  Instrument  Shut-Oown: 

a.  When  the  instrument  is  not  to  be  used  for  extended  periods  of 
time,  the  system  must  be  shut  down  following  manufacturer's 
instructions  to  ensure  column  life  and  instrument  stability. 

b.  For  overnight  shut-down,  turn  off  the  UV  detector,  chart  recorder, 
and  pump  controller. 

c.  For  weekend  shut-down,  follow  the  same  procedure  as  for  overnight 
shut-down  but  also  cap  off  the  analytical  column  to  prevent  the 
solid  phase  from  drying. 

8.  Oata  Reduction:  The  NMR  spectrum  obtained  in  Section  G.S.a  is 
compared  with  the  reference  spectrum  to  verify  structural  identity. 
HPLC- samples  analyzed  in  Section  G.5.b  are  compared  with  results 
obtained  from  standards  to  determine  concentration. 

a.  NMR:  Compare  the  NMR  spectrum  for  the  sample  with  the  spectrum 
oFtained  for  the  2-PAM  Cl  reference  standard.  Verify 
correspondence  of  chemical  shifts,  multiplicities,  and  intensities 
for  structural  verification  in  conjunction  with  HPLC  findings. 
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1.0  t  0.1  mL/min.  Adjust  the  flow  rate  setting  on  the  pump  if 
necessary  to  obtain  an  actual  flow  rate  within  these  limits  and 
re-check. 

After  the  pump  has  been  on  for  about  30  min,  adjust  the  detector 
zero  with  the  balance  control  with  the  detector  set  at  0.064  AUFS. 
Adjust  the  recorder  to  electrical  zero  at  “0"  chart  units.  Adjust 
the  detector  zero  to  slightly  above  the  electrical  zero  position 
with  the  recorder  balance  control. 

6.  Analysis  of  Samples?  NMR  is  performed  for  structural 

confirmation.  hplC  standards  and  collected  samples  are  analyzed 
to  determine  concentration  and  identify  confirmation. 

a.  NMR:  Multiple  acquisitions  (>  100  transients)  are  generally 
required.  Spectra  will  be  printed  on  standard  NMR  paper  and 
computer  referenced  to  the  chemical  shift  of  sodium 
2,2-diraethyl-2-$ilapentane-5-sulfonate  determined  on  the 
interpretation. 

b.  Quantitative  HPLC:  The  following  is  a  set  of  HPLC  conditions  that 
have  been  found  to  be  satisfactory  for  quantitative  analysis  of 
2-PAH  Cl: 

Column:  Alltech  Spherisorb-ODS  2  (Stock  No.  8736)  and  Supelco 
LC-18  Guard  Column  (Stock  No.  5-8232). 

Mobile  Phase:  See  Section  G.4.b 

Oetector:  UV  9  298  nm 

Flow  Rate:  1.2  ml/mi n 

Injection  Volume:  20  /iL 

For  quantitative  analysis  of  2-PAM  Cl  samples,  transfer  1-ml 
duplicate  aliquots  of  each  2-PAM  Cl  standard  to  autosampler  vials 
and  place  the  vials  in  the  autosampler  in  ascending  concentration 
order.  Set  up  the  data  system  to  acquire  data  for  each  standard 
as  described  in  the  data  system  instruction  manual.  Transfer  1-mL 
duplicate  aliquots  of  each  sample  to  autosampler  vials  and  place 
the  vials  in  the  autosampler. 


Revised  February  20,  1990 


•APPROVES 


MREF 

SOP-88-39 


Oecember  30,  1988 
Page  13 


b.  Quantitative  HPLC:  Obtain  printouts  of  the  peak  area  ratios  for 
each  standard  and  sample  as  described  in  the  instruction  manual. 
Prepare  a  standard  curve  from  the  peak  area  ratios  versus 
concentration  of  the  standards. 

Determine  the  2-PAM  Cl  concentration  in  the  samples  and  control 
standards  using  the  standard  curve.  If  necessary,  correct  for  any 
dilution  made  to  the  samples  prior  to  analysis. 

If  the  response  for  any  of  the  control  standards  varies  from  the 
predicted  response  by  more  than  t  10  percent,  then  the  samples 
associated  with  that  standard  are  reanalyzed. 

c.  HPLC  Identity  Confirmation:  Compare  the  retention  times  and 
relative  responses  of  the  2-PAM  Cl  standard  and  sample  peak  for 
structural  confirmation. 

H.  Emergency  Procedures:  All  personnel  involved  in  the  HML  or  MREF 
laboratory  operations,  must  be  familiar  with  the  respective  laboratory’s 
FSSP,  and  the  emergency  procedures  detailed  within  this  document.  All 
personnel  involved  in  the  King  Avenue  operation  must  be  familiar  with  HEG 
H/SP  8-01  and  the  emergency  procedures  detailed  within  this  document. 

I.  First  Aid  Procedures:  First  aid  and  self  aid  at  the  MREF  are  to  be 
conducted  as  specified  in  the  FSSP. 
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TITLE:  Analysis  of  Pralidoxime  Chloride  (2-PAM)  in  Whole  Blood  Using  an 
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Contract  0AM017-39-C-9050  and  will  be  effective  for  one  year  from  date  of 
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STAN0AR0  OPERATING  PROCEDURE  88*50 


Analysis  of  Pralidoxime  Chloride  (2-PAH)  in  Whole  Blood 
Using  an  Ultraviolet  (UV)  Spectrophotometer 


A.  Statement  of  Work:  The  following  SOP  describes  a  procedure  for  the 
determination  of  pralidoxime  chloride  (2-PAH)  content  in  whole  blood  using 
an  ultraviolet  (UV)  spectrophotometer.  The  method  is  based  upon  a  direct 
UV  absorption  analysis  procedure  to  measure  the  2-PAH  content  in  the 
prepared  samples.  To  perform  this  analysis,  a  sample  preparation  must 
first  be  performed  on  the  whole  blood  samples.  This  sample  preparation 
requires  three  separate  processes.  The  first  consists  of  hentolyzing  the 
blood  with  water  and  barium  hydroxide  solution,  and  the  second 
de-protei nates  the  blood  by  addition  of  zinc  sulfate  and  sodium  chloride. 
The  third  precipitates  the  solid  materials  from  the  solution  through 
centrifugation  producing  a  sample  ready  for  direct  UV  analysis.  The 
prepared  sample  is  analyzed  for  absorbance  of  light  at  300  nm.  A  control 
(system  blank)  is  used  to  correct  for  absorption  by  the  cuvettes  and 
reagents. 

B.  Responsibility: 

1.  Personnel  Qualifications:  All  technical  staff  will  be  familiar  with 
the  handling  of  biological  samples  within  the  HREF  laboratory.  They 
must  know  the  requirements  of  the  Buddy  System. 

2.  Leaders:  Leaders  of  each  operation  will  be  designated  by  the  Study 
Oi rector  for  that  operation.  Each  leader  will  insure  that  the 
following  are  observed: 

a.  Only  authorized  personnel  meeting  requirements  set  forth  in 
Section  8.1  are  allowed  in  the  room  during  XCSH  operations. 

b.  XCSH  are  issued  exclusively  to  personnel  who  have  been  designated 
in  writing  from  the  Manager,  MRF.F,  as  authorized  to  receive  XCSM. 

c.  XCSM  control  and  accountability  are  maintained. 

d.  Adequate,  approved,  protective  equipment  is  available  at  all  times 
to  personnel  at  their  work  site. 

e.  All  leader  and  technical  staff  responsibilities  specified  in  the 
HREF  FSSP  are  followed. 

f.  Each  employee  has  been  trained  in  the  techniques  of  administering 
first  aid  and  self  aid. 
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g.  Work  under  this  SOP  is  performed  only  in  the  area(s)  or  room(s) 
designated  by  this  SOP. 

h.  No  food,  beverage,  or  tobacco  product  is  consumed,  used,  or  brought 
into  the  laboratory.  The  wearing  of  contact  lenses  is  prohibited 
in  the  laboratory. 

i.  The  safety  requirements  of  this  SOP,  as  well  as  normal  laboratory 
safety,  are  maintained. 

j.  All  applicable  SOPs  are  read  and  signed  by  all  technical  staff 
involved  in  the  operation. 

3.  Technical  Staff:  Technical  staff  will  be  responsible  for  abiding  by 
requirements  set  forth  in  Section  8.2.  In  addition,  they  must  use 
personal,  protective  equipment  provided  and  develop  safe  work  habits  to 
protect  themse’ves  and  fellow  workers  from  injury  and  to  prevent  damage 
to  material,  equipment,  and  facilities. 

4.  Research  Organization:  The  organization  involved  in  this  research  is 
the  MREF  of  8attelle  Memorial  Institute,  505  King  Avenue,  Columbus,  OH 
43201-2693. 

Materials  To  Be  Used: 

1.  Solvents  and  Chemicals:  2-PAM,  barium  hydroxide  octahydrate,  zinc 
sulfate  heptahydrate,  and  sodium  chloride. 

Tools  and  Equipment;  Freezer,  refrigerator,  labels,  first-aid  kit, 
plastic-backed,  absorbent  paper,  brown  paper,  squirt  bottles,  wiping 
tissues,  beakers,  bottles,  maxi-vials,  pipettes,  pipette  bulbs,  tissue 
paper,  laboratory  coat,  safety  shoes,  safety  glasses,  spatula, 
stainless-steel  pans,  glass  stir  rods,  syringes,  needles,  forceps,  scrub 
suit,  latex  gloves,  16  x  lOO-mra  culture  tubes,  disposable  cuvettes,  vortex 
mixer,  UV  spectrophotometer,  and  centrifuge. 

Hazards  Involved: 

1.  Chemicals:  The  reagents  used  in  this  process  may  have  hazards 

associated  with  their  use.  A  copy  of  the  Material  Safety  Data  Sheets 
(MSDS)  is  available  from  the  manufacturer  or  through  Battel le's  Safety 
Office  at  505  King  Avenue.  A  brief  listing  of  hazards  associated  with 
handling  these  chemicals  has  been  included: 

a.  2-PAM:  2-PAM  is  a  harmful  powder  which  is  readily  absorbed  through 
thTskin. 

b.  Barium  Hydroxide:  Barium  hydroxide  is  highly  toxic  by  ingestion. 
Corrosive  to  tissue  in  presence  of  moisture;  strong  irritant  to 
tissue. 
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c.  Zinc  Sulfate;  Zinc  sulfate  is  an  irritant  to  tissue.  It  is  low  in 
toxicity.  Hygroscopic. 

2.  Gloves  and  aprons  made  of  butyl  rubber  are  flammable  and  nave  no 
self-extinguishing  capability;  therefore,  care  must  be  taken  to  avoid 
open  flame  or  heat  that  may  ignite  them. 

F.  Safety  Requirements: 

1.  Hoods:  Hood  face  velocity  must  ave*age  100  *  10  Ifpm.  The  average  is 
computed  from  individual  readings  taken  in  approximately  each  square 
foot  of  hood  face  (usually  nine  readings).  In  addition,  no  individual 
reading  will  vary  more  than  20  percent  from  the  average.  No  equipment 
will  be  within  20  cm  of  the  face  of  the  hood. 

2.  Protective  Equipment:  The  following  clothing  and  protective  gear  are 
required  as  a  minimum  for  all  personnel. 

scrub  suit 
safety  shoes 
latex  gloves 
safety  glasses 

All  provisions  of  the  HREF  FSSP  apply  to  the  checking  and  testing  of 
gloves,  aprons,  and  other  protective  equipment. 

3.  First  Aid:  The  location  of  the  nearest  eye-wash  fountain,  deluge 
shower,'  and  fire  extinguisher  will  be  known  to  all  workers  before  work 
begins. 

G.  Procedures: 


1.  Entry:  Before  entering  the  secured  facility,  note  the  status  of  the 
"Agent-in-Use"  light  at  the  turnstile.  If  the  "Agent-in-Use“  lights 
are  turned  on,  note  the  room  location  and  be  sure  that  upon  entry  to 
the  laboratory  area  that  all  safety  equipment  and  procedures  described 
in  FSSP  SOP  MREF-18  are  in  place.  Upon  entry  of  the  room,  confirm  that 
there  are  no  audible  alarms.  No  operations  can  be  initiated  in  a  room 
with  audible  alarms.  After  entry,  personnel  will  observe  the 
magnehelic  gauge  on  the  hood.  If  inspection  reveals  that  the  hood  has 
failed,  is  marginal  in  flow,  or  operates  outside  the  guidelines  of  FSSP 
SOP  HREF-21,  the  problem  is  reported  to  the  MREF  Manager  and  the 
operation  does  not  begin. 

2.  Hood  Set  Up:  The  operation  hood  area  must  be  prepared  with  all 
materials  necessary  to  perform  the  operation  prior  to  starting  the 
operation.  All  materials  will  be  kept  behind  the  8-inch  line  in  the 
hood. 

Plastic-backed,  absorbent  paper  must  be  used  to  protect  the  work 
surface  of  the  hood. 
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3.  Equipment  Preparation: 

a.  Glassware:  All  glassware  shall  be  cleaned  and  silanized  with 
hexamethyl  disilizane  (HMDS)  prior  to  use.  This  serves  two 
purposes.  First,  it  minimizes  adsorption  of  chemicals  on  otherwise 
active  glass  surfaces,  and  secondly  facilitates  cleaner  separation 
of  solid  and  liquid  layers  due  to  a  smoother  surface  of  the  glass 
wall. 

Wash  three  times  each  with  5  percent  alconox  solution,  followed  by 
methanol,  and  finally  acetone,  then  dry  in  a  drying  oven.  Place 
clean  glassware  in  a  vacuum  oven  and  pull  vacuum  via  an  aspirator 
or  vacuum  pump  to  20  to  25-mm  Hg.  Heat  the  oven  to  approximately 
180  C  and  inject  l-m2  HMDS.  Continue  to  heat  the  oven  for  2-3  hr. 
Still  under  vacuum,  allow  the  oven  to  cool  to  room  temperature 
(overnight),  then  vent  the  oven.  Glassware  treated  in  this  manner 
is  now  ready  for  use. 

b.  Instrument  Preparation:  The  UV  spectrophotometer  is  prepared  with 
the  following  settings: 

(1)  Wavelength  -  300  nm 

(2)  Read  sample  observance  every  1  sec  for  4  sec  starting  at 
time  0.  (This  gives  five  absorbance  readings  which  allow  for 
the  approximation  of  error  due  to  drift  of  the  wavelength 
setting.) 

4.  Solution  Preparation: 

a.  Preparation  of  2-PAH  Analytical  Standards  and  Spiking  Solutions: 

(1)  500-pg/m£.  2-PAM  Stock  Solution:  Dispense  a  0.0505-g  sample 
of  2-PAM  into  a  100-mt  volumetric  flask  containing 
approximately  40  m2  of  deionized  water.  Dilute  to  volume 
with  deionized  water  and  mix  well  before  transferring  to 
storage  vials. 

(2)  50-/ig/m2  2-PAM  Spiking  Solution:  Into  a  50-m2  volumetric 
flask  containing  approximately  20  m2,  of  deionized  water, 
deliver  5.0  m2  of  the  50Q-/*g/m2  2-PAM  stock  solution  (using  a 
5,000-^2  syringe).  Dilute  to  volume  with  deionized  water  and 
mix  on  a  vortex  mixer. 

(3)  30-Mg/mt  Analytical  Standard:  Into  a  5-m2  volumetric  flask 
containing  approximately  I  m2  of  deionized  water,  deliver 
3.0  m2  of  the  5Q-/*g/m2  2-PAM  spiking  solution  (using  a 
5,000-^2  syringe).  Dilute  to  volume  with  deionized  water  and 
mix  on  a  vortex  mixer. 
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(4)  25-jtg/mfc  Analytical  Standard:  Into  a  5-me.  volumetric  flask 
containing  approximately  1  m2,  of  deionized  water,  deliver 

2.5  me.  of  the  50-/tg/m2.  2-PAM  spiking  solution  (using  a 

2. 500- /12.  syringe).  Oilute  to  volume  with  deionized  water  and 
mix  on  a  vortex  mixer. 

'  (5)  20-/ig/me.  Analytical  Standard:  Into  a  5-m2.  volumetric  flask 
containing  approximately  1  me.  of  deionized  water,  deliver 
2.0  me.  of  the  50-/tg/n2.  2-PAM  spiking  solution  (using  a 

2. 500- /i2.  syringe).  Dilute  to  volume  with  deionized  water  and 
mix  on  a  vortex  mixsr. 

(6)  15-/tg/me.  Analytical  Standard:  Into  a  5-m2.  volumetric  flask 
containing  approximately  1  m2,  of  deionized  water,  deliver 

1.5  me.  of  the  5Q-/ig/m2.  2-PAM  spiking  solution  (using  a 

2, 500-/i2.  syringe).  Oilute  to  volume  with  deionized  water  and 
mix  on  a  vortex  mixer. 

(7)  10-/»g/me.  Analytical  Standard:  Into  a  5-m2.  volumetric  flask 
containing  approximately  1  m2,  of  deionized  water,  deliver 
1.0  mt  of  the  S0-/*g/m 2.  2-PAM  spiking  solution  (using  a 

1, 000-/i2.  syringe).  Dilute  to  volume  with  deionized  water  and 
mix  on  a  vortex  mixer. 

(8)  8.0-/»g/m2.  Analytical  Standard:  Into  a  5-me.  volumetric  flask 
containing  approximately  1  m2,  of  deionized  water,  deliver 
0.8  me.  of  the  50-/ig/m2  2-PAM  spiking  solution  (using  a 

1, 000-/i2.  syringe).  Oilute  to  volume  with  deionized  water  and 
mix  on  a  vortex  mixer. 

(9)  5.0-/ig/me.  Analytical  Standard:  Into  a  5-me.  volumetric  flask 
containing  approximately  1  m2,  of  deionized  water,  deliver 
0.5  m2,  of  the  50-/tg/m2.  2-PAM  spiking  solution  (using  a 
500-/i2.  syringe).  Oilute  to  volume  with  deionized  water  and 
mix  on  a  vortex  mixer. 

(10)  4.0-/*g/m2  Analytical  Standard:  Into  a  5-m2.  volumetric  flask 
containing  approximately  1  m2,  of  deionized  water,  deliver 
0.4  m2,  of  the  50-/*g/m2  2-PAM  spiking  solution  (using  a 

500 -/i2L  syringe).  Oilute  to  volume  with  deionized  water  and 
mix  on  a  vortex  mixer, 

(11)  2.5-/ig/m2.  Analytical  Standard:  Into  a  5-me.  volumetric  flask 
containing  approximately  i  m2,  of  deionized  water,  deliver 
0.25  m2,  of  the  50-/*g/m2.  2-PAM  spiking  solution  (using  a 
250-/i2.  syringe).  Oilute  to  volume  with  deionized  water  and 
mix  on  a  vortex  mixer. 
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b.  All  stock  solutions  should  be  ke^i.  itfrigerated  when  not  in  use. 
Stock  solutions  made  from  neat  material  for  the  purpose  of  making 
further  diluted  standard/spiking  solutions  must  be  discarded  and 
new  preparations  made  monthly. 

Standard/spiking  solutions  made  from  stock  solutions  must  be  remade 
for  each  day  of  analysis. 

5.  Sample  Preparation; 

a.  2.0  mi  of  each  whole  blood  sample  is  removed  and  measured  into  a 
16  x  100-mm  screw  cap  culture  tube  using  a  2-mi  volumetric 
pipette. 

b.  To  the  2.0-mg.  whole  blood  samples  measured  in  Section  G.5.a,  add 
3.8  m2,  of  deionized  water  using  a  5.0-mi  syringe  and  1.0  m2,  of 
barium  hydroxide  using  a  1.0-mi  volumetric  pipette.  The  solution 
is  mixed  on  the  vortex  mixer  for  30  sec. 

c.  To  the  mixed  sample  solution,  add  1.0-mi  0.33  m  zinc  sulfate  using 
a  l.Q-mi  volumetric  pipette  and  0.2-mi  sodium  chloride  using  a 
250 ~\tSL  syringe.  The  solution  is  mixed  on  a  vortex  mixer  for 

10  sec. 

d.  The  sample  plus  reagents  contained  in  the  culture  tube  is  then 
placed  in  a  centrifuge  and  the  solids  precipitated  at  1,500  g's  for 
10  min. 

e.  The  "clear"  top  layer  is  removed  and  transferred  to  another  2  m2, 
centrifuge  tube  and  re-centrifuged  at  10,000  g's  for  3  min. 

f.  Transfer  the  sample  to  labeled  cuvettes  for  analysis. 

6.  Calibration: 

a.  Instrument  calibration  must  be  performed  for  quantitation  of  2-PAM 
in  the  samples  using  the  blank  deionized  water  (blank)  and  the 
calibration  standards  prepared  in  Section  G.4.a.  A  complete  set  of 
calibration  standards  must  be  analyzed  prior  to  analysis  of  any 
sample  extracts.  All  analyses  of  standard  sets  must  be  within 

10  percent  relative  standard  deviation.  If  any  standard  analysis 
value  is  outside  this  limit,  the  analysis  of  unknowns  is  stopped 
until  the  problem  is  resolved. 

b.  Once  the  calibration  of  the  instrument  has  been  checked,  the  sample 
extracts  are  analyzed  in  a  sequence  with  a  calibration  check 
standard  being  analyzed  after  every  fifth  sample.  A  calibration 
check  standard  can  be  any  solution  of  2-PAH  within  the  calibration 
range  and  of  known  concentration. 
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c.  A  complete  set  of  calibration  standards  is  analyzed  following  the 
last  sample  each  day.  All  calibration  standards  analyzed 
throughout  the  analysis  are  used  to  develop  a  complete  calibration 
curve  for  quantitation  of  the  sample  extracts. 

d.  Only  concentration  values  that  fall  inside  the  range  of  the 
calibration  standards  will  be  reported.  Samples  that  yield 
responses  less  than  the  calibration  range  will  be  reported  as  less 
than  the  lower  quantitation  limit.  Any  sample  response  that 
exceeds  the  largest  calibration  standard  will  be  reported  as 
greater  than  the  highest  calibration  standard  and  must  be  diluted 
to  within  the  calibration  range. 

e.  Detection  limit  determination  is  performed  by  analyzing  a  series  of 
extraction  recovery  samples  in  the  range  of  interest.  If  a  peak 
area  response  is  observed  with  greater  than  a  three  to  one  signal 
to  noise  ratio,  the  method  detection  limit  can  be  determined  as 
that  concentration.  The  detection  limit  must  be  verified  by 
extraction  for  each  sample  set. 

7.  Analysis  of  Samples:.  Samples  and  calibration  standards  are  analyzed 
using  tne  same  procedures  and  conditions.  Following  every  fifth 
analysis  a  system  check  standard  must  be  analyzed. 

8.  Calculations: 


a.  The  calibration  data  are  analyzed  using  a  linear  regression 
analysis  and  the  quantitative  measurements  made  based  upon  and 
external  standard  procedure. 

b.  Using  a  linear  regression  program,  generate  the  slope,  intercept, 
and  correlation  coefficient  for  2-PAM  in  the  calibration  data.  The 
resulting  calibration  parameters  will  be  used  to  calculate  the 
observed  concentration  of  2*PAM  in  the  unknown  samples. 

c.  Enter  the  absorbance  as  the  ordinate  (y-value)  and  the 
corresponding  standard  concentration  as  the  abscissa  (x-value). 

d.  Enter  each  data  point  obtained  from  the  calibration  standards,  and 
calculate  percent  relative  standard  deviation  (%RSD)  between 
replicate  standards. 

e.  If  a  regression  program  is  not  available,  program  the  following 
calculations: 

[(ry)(Ex2)-(Ex)(Exy)] 

b  = - 


{n(Ex2)-(Ex)2] 
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[n(Exy)-(Ex)(Ey)3 

£n(Ex2).(£x)2] 

[n(Exy-(£x) (Ey)  ] _ 

[(n(Ex2)-(Ex)2)l/2(n£(y2).(2y)2)l/2] 

where:  y  «  ax  *  b 
a  *  slope 
b  »  y- intercept 
r  «  correlation  coefficient 
x  *  peak  area 

y  «  concentration  of  2-PAM  in  nq/we. 
n  »  number  of  replicates 

f.  To  obtain  actual  concentration  of  2-PAM  in  the  samples,  the 

observed  absorbance  should  be  adjusted  by  subtracting  the  average 
absorbance  of  extraction  blanks.  This  value  is  used  to  calculate 
the  2-PAM  concentration  from  the  regression. 

For  example,  if  the  following  values  were  obtained  for  2-PAM  in  a 
sample  extract, 

Observed  absorbance  response  *  1.5020 

Average  absorbance  response  of  extraction  blanks  »  0.02 

Corrected  absorbance  response  ■  1.482 
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STANOARO  OPERATING  PROCEDURE  89-55 


Analysis  and  Structural  Verification  of 
Atropine  Base  in  Citrate  8uffer 


A.  Statement  of  Work:  This  SOP  describes  the  entire  procedures  for 

verification  of  identity  and  quantitative  measurement  of  atropine  free 
base  by  high  performance  liquid  chromatography  (HPIC).  The  procedures  for 
structural  verification  by  nuclear  magnetic  resonance  (NMR)  of  atropine 
present  in  drug  formulations  are  also  described.  The  HPLC  effort  can  be 
conducted  at  either  the  MREF,  HML  or  King  Avenue,  but  the  NMR  requires  the 
facilities  at  King  Avenue. 

8.  Responsibility: 

1.  Personnel  Qualifications: 

All  technical  staff  will  be  familiar  with  handling  hazardous  materials 
within  the  laboratory.  Personnel  performing  the  following  procedures 
must  read  and  sign  this  SOP. 

2.  Leaders:  Leaders  of  each  operation  will  be  designated  by  the  Study 
Director  for  that  operation.  Each  leader  will  insure  that  the 
following  are  observed: 

a.  Only  authorized  personnel  meeting  requirements  set  forth  in 
Section  8.1  are  allowed  in  the  room  during  operations. 

b.  Adequate,  approved,  protective  equipment  is  available  at  all  times 
to  personnel  at  their  work  site. 

c.  AH  leader  and  technical  staff  responsibilities  specified  in  the 
MREF  or  HML  FSSP  are  followed  when  work  is  conducted  at  the 
respective  laboratories. 

d.  Each  MREF  and  HML  employee  has  been  trained  in  the  techniques  of 
administering  first  aid  and  self  aid. 

e.  Work  under  this  SOP  is  performed  only  in  the  are a(s)  or  room(s) 
designated  by  this  SOP. 
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f.  No  food,  beverage,  or  tobacco  product  is  consumed,  used,  or 
brought  into  the  laboratory.  The  wearing  of  contact  lenses  is 
prohibited  in  the  laboratory. 

g.  The  safety  requirements  of  this  SOP,  as  well  as  normal  laboratory 
safety,  are  maintained. 

h.  All  applicable  SOPs  are  read  and  signed  by  all  technical  staff 
involved  in  the  operation. 

3.  Technical  Staff:  Technical  staff  will  be  responsible  for  abiding  by 
requirements  set  forth  in  Section  3.2.  In  addition,  they  must  use 
personal,  protective  equipment  provided  and  develop  safe  work  habits 
to  protect  themselves  and  fellow  workers  from  injury  and  to  prevent 
damage  to  material,  equipment,  and  facilities. 

4.  Research  Organization:  The  organization  involved  in  this  research  is 
the  MftEF  of  Battel le  Memorial  Institute,  505  King  Avenue,  Columbus, 
Ohio  43201-2693. 

C.  Materials  To  8e  Used; 

1.  Solvents  and  Chemicals:  The  atropine  sulfate  solid  which  will  be  used 
on  this  program  for  preparation  of  analytical  standards  will  be 
provided  by  the  U.S.  Army  Medical  Research  and  Development  Command 
(USAMROC)  or  a  source  which  can  provide  an  established  purity. 

If  the  atropine  dosing  solution  is  not  received  in  a  pre-packaged  form 
upon  receipt,  the  atropine  dosing  solution  in  citrate  buffer  will  be 
stored  in  subdued  lighting  at  4  C.  If  a  pre-packaged  form  has  been 
received,  it  will  be  stored  as  directed  by  the  supplier. 

NMR  spectra  will  be  obtained  on  dilute  solutions  of  the  drug  dissolved 
in  >  99.8  percent  deuterium  oxide  (Stohler  Isotope  Chemicals  or 
equivalent).  NMR  tubes  will  be  the  Stonier  Isotope  Chemicals  "Ultra 
Precision"  model  o'  the  equivalent  model  from  other  manufacturers. 

Other  materials  will  include  acetonitr'le  (Burdick  and  Jackson  HPLC 
Grade),  methanol  (Burdick  and  Jackson  HPLC  Grade),  benzene  (Burdick 
and  Jackson  HPLC  Grade),  deionized  water  or  miilipere  water,  glacial 
acetic  acid  (Baker  Reagent  Grad?),  tetrabutyl ammonium  chloride 
(Aldrich  98+  percent),  sodium  lauryl  sulfate  (Aldrich  98  percent), 
sodium  heptane  sulfonate  (1-heptane  sulfonic  acid,  sodium  salt) 

(Aldrich  98+  percent),  tetramethyl ammonium  chloride  (Aldrich  98+ 
percent),  and  helium  or  nitrogen  gas. 
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D.  Equipment:  Freezer,  refrigerator,  labels,  first-aid  kit,  plastic-backed, 
absorDent  paper,  squirt  bottles,  wiping  tissues,  beakers,  bottles,  maxi- 
vials,  pipettes,  pipette  bulbs,  tissue  paper,  laboratory  coat,  protective 
eyewear,  spatula,  stainless-steel  pans,  glass  stir  rods,  syringes, 
needles,  forceps,  and  latex  gloves. 

Proton  NMR  spectra  will  be  obtained  on  Battel le's  Varian  CFT-20  Fourier 
transform  NMR  spectrometer  located  in  Room  7237-A  of  the  King  Avenue 
facility. 

The  HPLC  analytical  system,  to  be  used  consists  of  the  following:  HPLC 
pump,  HPLC  ultra  violet  (UV)  detector,  HPLC  injection  system 
(autosampler),  analytical  column,  strip-chart  recorder  (optional), 
electronic  data  system.  Any  equivalent  system  may  be  used  once 
confirmation  of  performance  has  been  established. 

E.  Hazards  Involved: 

1.  Solvents:  The  solvents  used  in  preparing  the  dilute  material  may  have 
hazards  associated  with  their  use.  A  copy  of  the  Material  Safety  Oata 
Sheets  (MSOS)  is  available  from  the  manufacturer  or  through  Battelle's 
Safety  Office  at  505  King  Avenue.  A  brief  listing  of  hazards 
associated  with  handling  the  more  commonly  used  solvents  has  been 
included: 

a.  Acetonitrile:  Acetonitrile  is  a  flammable  liquid  that  must  be 
handled  as  a  solvent  with  a  dangerous  fire  risk.  The  flash  point 
of  acetonitrile  is  5.56  C.  The  1988-1989  ACGIH  TLV  for 
acetonitrile  is  40  parts  per  million  (ppm)  as  an  8-hr  TWA  and 

60  ppm  as  a  15-min  STEL.  Skin  contact  may  also  represent  a 
significant  route  of  exposure. 

b.  Methanol:  Methanol  is  a  flammable  liquid  that  must  be  handled  as 
a  solvent  with  a  dangerous  fire  risk.  The  flash  point  (open  cup) 
of  methanol  is  12.2  C,  with  an  autoignition  temperature  of  464  C. 
The  1988-1989  ACGIH  TLV  for  methanol  is  200  ppm  as  an  8-hr  TWA  and 
250  ppm  as  a  IS-min  STEL.  Also,  skin  contact  may  represent  a 
significant  route  of  exposure. 

c.  Benzene:  Benzene  is  a  flammable  liquid  that  must  be  handled  as  a 
solvent  with  a  dangerous  fire  risk.  Benzene  is  toxic  by 
ingestion,  inhalation,  and  skin  absorption.  Benzene  is  regulated 
as  a  carcinogen  by  the  Occupational  Safety  and  Health 
Administration  (0SHA)  resultir.j  in  excess  leukemia.  Containers 
must  say  "0ANGER  CONTAINS  BENZENE  CANCER  HAZARD."  0SHA  8-hr 
permissible  exposure  limit  (PEL)  *  1  ppm,  Action  Level  =  0.5  ppm. 
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F.  Safety  Requirements; 

1.  Hoods:  Hood  face  velocity  must  average  100  ±  20  Ifpm.  The  average  is 
computed  from  individual  readings  taken  in  approximately  each  square 
foot  of  hood  face  (usually  nine  readings).  No  equipment  will  be 
within  20  cm  of  the  face  of  the  hood. 

2.  Protective  Equipment:  When  working  in  the  laboratory,  the  following 
clothing  and  protective  gear  are  required  as  a  minimum  for  all 
personnel.  This  equipment  must  be  used  as  directed  in  the  FSSP. 

lab  coat 

latex  gloves  (as  needed) 
protective  eyewear 

All  provisions  of  the  FSSP  apply  to  the  checking  and  testing  of 
gloves,  aprons,  and  other  protective  equipment. 

3.  First  Aid:  The  location  of  the  nearest  eye-wash  fountain,  shower,  and 
fire  extinguisher  will  be  known  to  all  workers  before  work  begins. 

G.  Procedures : 

1.  MREF  Entry;  Before  entering  the  secured  facility,  cote  tfc?  status  of 
the  “Agent-in-Use"  light  at  the  turnstile.  If  the  “Agent-in-Use“ 
lights  are  turned  on,  note  the  room  location  and  be  sure  that  upon 
entry  to  the  laboratory  area  all  safety  equipment  and  procedures, 
described  in  FSSP  SOP  MREF- 18  are  in  place.  Upon  entry  of  the  room, 
confirm  that  there  are  no  audible  alarms.  No  operations  can  be 
initiated  in  a  room  with  audible  alarms.  After  entry,  personnel  will 
observe  the  magnehelic  gauge  on  the  hood.  If  inspection  reveals  that 
the  hood  has  failed,  is  marginal  in  flow,  or  operates  outside  the 
guidelines  of  FSSP  SOP  ^"EF-21,  the  problem  is  reported  to  the  MREF 
Manager  and  the  operation  does  not  begin. 

2.  Hood  Set  Uo:  The  operation  hood  area  must  be  prepared  with  all 
materials  necessary  to  perform  the  operation  prior  to  starting  the 
operation.  All  materials  will  be  kept  behind  the  8- inch  line  in  the 
hood. 

3.  Sample  Preparation:  The  drug  formulation  samples  provided  for 
analysis  will  be  manipulated  so  that  the  interference  of  solvents  and 
other  components  associated  with  the  samples  is  minimized  to  provide 
relatively  pure  drug  samples  for  NMR  analysis. 


Revised  February  20,  1990 


SOP-39-55 
February  27,  1989 
Page  8 


HPLC  analyses  may  be  performed  on  either  the  dosing  formulations  as 
received,  dilutions  of  the  parent  materials,  or  on  reference  standard 
solutions  of  known  concentration. 

a.  Analytical  Reference  Standard:  Solid  atropine  sulfate  standard 
used  as  a  reference  material  is  dried  at  100  C,  0.4  mm  Hg  for  3  hr 
prior  to  use  in  a  vacuum  oven.  This  is  performed  by  placing  the 
solid  material  contained  in  its  original  container  which  has  had 
its  cap  removed  into  a  pre-heated  oven.  The  oven  is  sealed  and 
the  vacuum  adjusted  to  0.4  mm  Hg. 

b.  NMR:  For  the  NMR  sample  preparation,  1  ml  of  test  sample  is  made 
Basic  with  2.0  mL  of  0.1  M  sodium  hydroxide  to  reach  a  pH  of 
approximately  13  (verified  by  color  pHast  paper).  This  sjlution 
is  stirred  rapidly  with  benzene  (5.0  ml)  for  15  min  and  then 
poured  through  Whatman  lps  phase  separation  paper  (with  1.0-mL 
benzene  rinse).  The  filtrate  is  stirred  for  1  min  with  2.0-mL 
deionized  water  and  this  mixture  is  passed  again  through  a  fresh 
phase  separation  paper  (with  1.0-mL  benzene  rinse).  The  benzene 
filtrate  is  evaporated  in  a  rotary  evaporator  to  yield  atropine  as 
its  free  base.  The  si!  fate  is  reformed  by  adding  a  slight  molar 
excess  of  dilute  02S0^  in  020  to  the  free  base. 

NMR  samples  are  prepared  by  transfer  of  the  deuterium  oxide 
solution  and  transferred  into  an  NMR  tube  (tube  capped  after 
transfer)  for  NMR  analysis. 

c.  HPLC  Analysis:  Samples  are  either  analyzed  directly  or  can  be 
diluted  so  that  the  expected  concentration  range  is  between  0.1 
and  1.0  mg/ml. 

4.  Preparation  of  Standard  Solutions:  Standard  solutions  of  atropine 
sulfate  are  prepared  for  NMR  reference  spectrum  and  HPLC  standard 
curve  determinations. 

3.  NMR:  Within  a  glove  bag  thoroughly  flushed  with  dry  nitrogen  or 
argon,  weigh  10  t  0.1  mg  of  atropine  sulfate  onto  weighing  paper. 
Transfer  the  sample  into  a  screw-capped  bottle  and  close  tightly. 
Outside  the  bag,  dissolve  the  sample  in  an  accurately  measured 
volume  of  10.0  mL  of  deuterium  cxide  and  recap  the  bottle  to 
minimize  the  contamination  of  the  sample  with  undeuterated 
moisture. 

b.  HPLC:  Weigh  50  =  0.1  mg  of  atropine  sulfate  onto  weighing  paper. 
Quantitatively,  transfer  the  sample  into  a  50-mL  volumetric  flask 
containing  approximately  40  ml  of  mobile  phase  (see  Section  G.6.b) 
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Mix  the  solution  thoroughly  on  a  vortex  mixer.  Dilute  to  50.0  ml 
with  the  mobile  phase  and  remix  the  solution.  The  resulting 
concentration  of  the  atropine  sulfate  will  be  approximately 
1  mg/ml. 

Mix  and  dilute  the  atropine  sulfate  stock  solution  with  the  mobile 
phase  as  follows: 

10.0-ml  stock  +  O.Q-mL  mobile  phase 
5.0-ml  stock  +  5.0-ml  mobile  phase 
2.5-mt  stock  +  7.5-ml  mobile  phase 
1.0-mL  stock  +  9.0-mL  mobile  phase 
0.0-ml  stock  +  10.0-mL  mobile  phase 

The  atropine  sulfate  concentrations  obtained  are  1.00,  0.50,  0.25, 
0.10,  and  0.0  mg  per  ml. 

Oiluted  standard  solutions  are  kept  refrigerated  until  use. 
Standards  may  be  kept  refrigerated  for  up  to  30  days. 

5.  Analysis  Start-Up:  NMR  is  performed  to  verify  the  structure  of 
atropine  sulfate.  HPLC  is  performed  to  quantitatively  deteimine  the 
concentration  of  atropine  sulfate  and  confirm  the  identity  of  the 
atropine  in  the  samples. 

a.  NMR:  Calibrate  the  NMR  instrument  and  data  system  according  to 
instructions  in  the  operator's  manual.  When  properly  calibrated 
against  the  standard  reference  solutions  identified  in  the  manual, 
proceed  with  the  analysis  Section  G.7.a. 

b.  Quantitative  HhIC:  Prepare  HPLC  mobile  phase  for  quantitative 
analysis  by  dissolving  2.2  g  of  sodium  heptane  sulfonate 
(1-heptane  sulfonic  acid  sodium  salt)  and  2.7  g  of 
tetramethy! ammonium  chloride  in  approximately  90  ml  of  deionized 
water.  Add  i.O  ml  of  glacial  acetic  acid  and  dilute  to  1  L  and 
mix.  Filter  buffer  solution  before  using. 

The  mobile  phase  may  be  established  using  a  gradient  system  with  a 
78  percent  buffer  :  2  percent  methanol  :  20  percent  acetonitrile 
ratio  or  mixed  prior  to  analysis.  To  mix  the  mobile  prior  to 
analysis,  add  780  ml  of  the  buffer  prepared  above  to  a  l-l  glass 
bottle,  add  20  ml  of  methanol  and  200  ml  of  acetonitrile  and  mix. 
Once  the  buffer  has  been  prepared,  it  must  be  filtered  and  used 
within  30  days. 
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Insure  that  the  appropriate  analytical  column  has  been  installed 
in  the  analytical  system,  and  that  the  injector  is  equipped  with 
at  least  a  20  fit  sample  injection  loop. 

All  mobile  phase  must  be  filtered  and  degassed  for  at  least  5  min 
with  nitrogen  or  helium,  prior  to  use. 

The  detector  and  the  pump  must  be  turned  on  for  a  warm-up  period 
of  at  least  15  min  prior  to  system  evaluation.  The  pump  flow  must 
be  set  at  1.0  mL/mih  during  the  warm-up  period.  After 
approximately  15  min,  measure  the  flow  for  5  rain  with  a  10-mt 
-  graduated  cylinder.  The  flow  rate  must  be  set  at  1.0  ±  0.1 
mL/min.  Adjust  the  flow  rate  setting  on  the  pump  controller  if 
necessary  to  obtain  an  actual  flow  rate  within  these  limits  and 
re-check  flow. 

After  the  pump  has  been  on  for  30  min,  adjust  the  detector  zero 
with  the  balance  control  with  the. detector  attenuation  set  at  the 
appropriate  attenuation.  Adjust  the  recorder  to  electrical  zero 
at  "0“  chart  units.  Adjust  the  detector  zero  to  slightly  above 
the  electrical  zero  position  with  the  recorder  balance  control. 

c.  HPLC  Identity  Confirmation:  Prepare  HPLC  mobile  phase  for 

identity  confirmation  by  adding  6.0  g  of  sodium  lauryl  sulfate  and 
1.0  g  of  tetrabutyl ammonium  nitrate  to  a  l-l  volumetric  flask  and 
dissolve  the  reagents  in  approximately  500  ml  of  deionized  water. 
Add  20  mL  of  glacial  acetic  acid  to  the  solution  and  mix.  The 
volumetric  flask  is  filled  to  the  l-l  mark  and  the  solution 
re-mixed.  Filter  the  solution  with  a  S  /ia  filter  and  store  in  a 
clean  glass  bottle.  Use  within  30  days. 

The  mobile  phase  may  be  established  using  a  gradient  system  with  a 
60  percent  buffer  :  40  percent  acetonitrile  ratio  or  mixed  prior 
to  analysis.  To  mix  the  mobile  prior  to  analysis,  add  600  ml  of 
the  buffer  prepared  above  to  a  l-l  glass  bottle  and  add  400  ml  of 
acetonitrile  and  mix.  Once  the  buffer  has  been  prepared  it  must 
be  used  within  30  days. 

Insure  that  a  Supelco  IC-l  column  or  equivalent  has  been  connected 
to  the  injector  and  detector  and  the  injector  is  equipped  with  a 
20  pi  sample  injection  loop. 

All  mobile  phase  must  be  degassed  for  at  least  5  min  with  helium 
or  nitrogen  prior  to  use. 
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The  detector  and  the  pump  must  be  turned  on  for  a  warm-up  period 
of  at  least  15  min  prior  to  system  evaluation.  The  pump  flow,  must 
be  set  at  1.0  ml/min  during  the  warm-up  period.  After 
approximately  15  min,  measure  the  flow  for  5  min  with  a  10-ml 
graduated  cylinder.  The  flow  rate  should  be  1.0  *  0.1  ml/min. 
Adjust  the  flow  rate  setting  on  the  pump  if  necessary  to  obtain  an 
actual  flow  rate  within  these  limits  and  re-check. 

After  the  pump  has  been  on  for  30  min,  adjust  the  detector  zero 
with  the  balance  control  with  the  detector  set  at  the  appropriate 
attenuation.  Adjust  the  recorder  to  electrical  zero  at  "0“  chart 
units.  Adjust  the  detector  zero  to  slightly  above  the  electrical 
zero  position  with  the  recorder  balance  control. 

6.  Analysis  of  Samples:  NMR  is  performed  for  structural  confirmation. 
HPlC  standards  and  collected  samples  are  analyzed  to  determine 
concentration  and  identity  confirmation. 

a.  NMR:  Multiple  acquisitions  (>  100  transients)  are  generally 
required.  Spectra  will  be  printed  on  standard  NMR  paper  and 
computer  referenced  to  the  chemical  shift  of  sodium 
2,2-dimethyl-2-si1apentane-5-sulfonate  determined  on  the  same  day 
to  facilitate  interpretation. 

b.  Quantitative  HPL-J;  The  following  is  a  set  of  HPlC  conditions  that 
have  been  found  to  be  satisfactory  for  quantitative  analysis  of 
atropine  sulfate  by  HPlC  (reference  i): 

Column:  C18  u-8ondapak  or  equivalent,  250-mm  long  x  4.6-mm  inner 
diameter  with  5  micron  particle  size. 

Mobile  Phase:  See  Section  G.6.b 

Oe^ector:  UV  ^  260  nm 

Flew  Rate:  1.8  ml/min 

Injection  Volume:  20  pi 

For  quantitative  analysis  of  atropine  sulfate  samples,  transfer 
1-ml  duplicate  aliquots  of  each  atropine  sulfate  standard  to 
autcsampler  vials  and  place  the  vials  in  the  autosampler  in 
ascending  concentration  order.  Set  up  the  data  system  to  acquire 
data  for  each  standard  as  described  in  the  instruction  manual. 
Transfer  1-ml  duplicate  aliquots  of  each  sample  to  autosampler 
vials  and  place  the  vials  in  the  autosampler. 
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For  every  ten  samples  to  be  analyzed,  one  blank  sample  «>id  one 
standard  must  be  analyzed  as  a  minimum.  All  samples  must  be 
analyzed  under  the  same  conditions  as  used  for  the  standards.  ' 

c.  HPLC  Identity  Confirmation:  For  confirmation  of  the  identity  of 
atropine  sulfate  by  HPlOT'a  second  set  of  HPLC  conditions  is 
employed.  The  following  is  a  set  of  HPLC  conditions  found  to  be 
satisfactory  for  the  confirmation  of  atropine. 

Column:  Supelco  LC-1,  250-mm  long  x  4.6-mm  inner  diameter,  with 
5  micron  particle  size. 

Mobile  Phase:  See  Section  G.6.C 

Oetector:  UV  9  254  nm 

Flow  Rate:  1  mL/min 

Injection  Volume:  20  pi 

For  confirmation  purposes,  analyze  an  atropine  sulfate  standard 
and  a  sample  from  the  formulation  under  these  HPLC  conditions. 

7.  Instrument  Shut-Oown: 

a.  When  the  instrument  is  not  to  be  used  for  extended  periods  of 
time,  the  system  must  be  shut  down  following  manufacturer' s 
instructions  to  ensure  column  life  and  instrument  stability. 

b.  For  overnight  shut-down,  turn  off  the  UV  detector,  chart  recorder, 
and  pump  controller. 

c.  For  weekend  shut-down,  follow  the  same  procedure  as  for  overnight 
shut-down  but  also  nap  off  the  analytical  column  to  prevent  the 
solid  phass  from  drying. 

8.  Oata  Reduction t  in*  NMR  spectra  obtained  in  Section  G.7  are  compared 

to  reference  NMR  spectra  for  atropine  to  verify  structural  identity. 

The  HPLC  samples  analyzed  in  Section  G.7  are  compared  with  results 

obtained  from  known  reference  standards  to  determine  concentration. 

a.  NMR:  Compare  the  NMR  spectrum  for  the  sample  with  the  spectrum 
obtained  for  the  atropine  sulfate  reference  standard.  Verify 
correspondence  of  chemical  shifts,  multiplicities,  and  intensities 
for  structural  verification  in  conjunction  with  HPLC  findings. 
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b.  Quantitative  HPLC:  Obtain  printouts  of  the  peak  areas  for  each 
standard  and  sample  as  described  in  the  data  system  instruction 
manual .  Prepare  a  standard  curve  from  the  peak-  areas  versus 
concentration  of  the  standards. 

Determine  the  atropine  sulfate  concentration  in  the  samples  and- 
control  standards  using  the  standard  curve.  If  necessary,  correct 
any  dilution  made  to  the  samples  prior  to  analysis. 

If  the  response  for  any  of  the  control  standards  varies  from  the 
predicted  response  by  more  than  ±  10  percent,  then  the  samples 
associated  with  that  standard  are  reanalyzed. 

c.  HPLC  Identity  Confirmation:  HPLC  confirmation  of  the  identity  of 
atropine  sulfate  7s  performed  by  analysis  under  a  second  set  of 
HPLC  conditions.  Compare  the  retention  times  and  relative 
responses  of  the  atropine  sulfate  reference  standard  and  sample 
peak  for  structural  confirmation  in  conjunction  with  the  first  set 
of  HPLC  results  and  NMR  conclusions. 

H.  Emergency  Procedures:  All  personnel  involved  in  the  HML  or  MREF 
laboratory  operations,  must  be  familiar  with  the  respective  laboratory's 
FSSP,  and  the  emergency  procedures  detailed  within  this  document.  All 
personnel  involved  in  the  King  Avenue  operation  must  be  familiar  with  HE6 
H/SP  8-01  and  the  emergency  procedures  detailed  within  this  document. 

I.  First  Aid  Procedures:  First  aid  and  self  aid  at  the  MREF  are  to  be 
conducted "as'  specified  in  the  FSSP. 

J.  References: 

1.  "Assay  of  Formulated  Atropine  Solution,  WR-6241AK,  8107753,  Lot 
No.  RU7144,"  Report  No.  527,  Contract  No.  0AM017-85-C-5141,  SRI 
International  Project  No.  8504,  December  10,  1985. 
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I/.II.  SCOPE/PURPOSE: 

The  purpose  of  this  Standard  Operating  Procedur  . 
Radioimmunoassay  method  employed  in  the  detemina 
sulfate  concentrations. 
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IV.  DEFINITIONS:^  None 

jr 

V.  PROCEDURES: 

j0- 

Prelfmnary'T^sJcs 


d  S&Spector. 
(1.  Exp 


A^|:freparation  o|tf|osphate  Buf 
binethe 

WW150 


J 

Na.HP04 
NaCl 

distil le 


P.  Verma. 
Jed  Doses  of 


Saline^BS),  pH  7.5 

&£*prepare  1  liter  PBS  (10  mM 


grams 

grams 

ml 


S 


( 


'<2.  y Adjust  the  pH  td'HHfatT 0.1  N  HC1.  Bring  the  volume  to 
1000  ml  with  distilled  water. 

3.  Store  PBS  at  1-9*C.  The  PBS  is  stable  for  a  period  of  one 
month  from  the  date  of  preparation. 

B.  Preparation  of  Saturated  Ammonium  Sulfate 

1.  Combine  the  following  reagents  to  prepare  500  ml  saturated 
ammonium  s. j i fate: 

(NH4),S)4  257.6  grams 

distilled  water  500.0  ml 


-■  "'i 
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2.  Do  not  adjust  pH.  Store  at  l-9*C.mIhis  reagent  is  jtawe  for 
’a  period  of  one  month  from  date  of  preparation.  Pgj^are  at 
least  24  hours  prior  to  use.  Jb&" 

C.  Preparation  of  50  percent  Saturated  Ammonium  Sunw*\V- 

V  a 

1.  Combined  the  following  reagent*,  to  prepar^MO  ml  JR  50  percent 
saturated  ammonium  sulfate:  JB&'  XS&. 


(NH4).$04  a 
distilled  water 

2.  Do  not  adjust*pH.l| 
a  period  of^pne  mon 
least  24  hoars  prio 


"128.8  gran 

soaa^mi 


it  l-9!C5k*This  reagent  is 


frcm.th 


pnor 


jparation.  Pn 


tlefor 
Secre  at 


D.  PreparationJfrTWltropine  Stoc 


1.  'H-Atropine  is 


red  in  PBS,  pH 


t.4r  concentration  of 


(imately  AOO^CPM/BO  ul^Jhis  material  is  aliquoted  and 
jrftbred  at  -70  (i  5rG'  TJpFTabeled  atnjfipmXs  stable  for  a 
jj|erfod  of  one  year. 

45: v  Thafcjfefresh  aliquot  d|Hy.  Disposed  the  leftover  material 
"at  tlf^onclusion  of  tljkexperiment  fecording  to  Battel  le  SOP 
^^^fardi gp^rt>of  radi oad^j^teru^^ 

^^l-j^Prepare  a  ptemg/ml  solujAn  of  atropine  sulfate  in  PBS, 
\&|pT3H  7.5.  W«§b  a  minimun®?*  10.0  mg  atropine  sulfate.  Mix 


Prepare  a  1 
3H  7.5.  Mi 


4s 


^thoroughly  aliquot.  Ijl©re  at  *70  (t  5)*C.  The  material  is 


stable  for 


Fj|ffreparation  of  Rabbit 


od  of  jpe.year  from  the  date  of  preparation. 


%  .X 


[Atropine  Antisera  Stock 


1.  The  correct  concentration  of  rabbit  anti-atropine  antisera  will 
be  determined  in  preliminary  testing.  The  stock  antisera  is 
stored  as  30  pi  aliquots  at  -70  (±  5)*C.  Dilute  the  antisera 
to  the  proper  concentration  in  PBS,  pH  7.5.  Prepare  the 
diluted  antibody  fresh  daily.  Leftover  material  may  be  frozen 
and  used  for  repeat  analyses  performed  within  a  period  of  five 
days.  Thereafter,  dispose  of  the  diluted  material. 


G.  Normal  Serum 


1.  A  stock  of  normal  serum  obtained  from  the  same  species  as  that 
of  the  serum  samples  being  analyzed  will  be  aliquoted  and 
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stored  at  -70  (e  5)*C.  The  frozen' 
of  one  year. 


is  stable  far  ^period 


2.  Aliquot(s)  of  normal  serum  are  thawed  fretBjj 
The  serum  is  used  undiluted^in  the  assay,  w 
be  frozen  and  used  on  a  s#Jequent  test  day. 


Ik  assay  day. 
I  material  may 


H.  Test  Samples 

1.  Test  samples  are  sw 

RIA  Set  Up  (Day  1) 

1.  Prepare  atrifljime  su^fi 
freshly  ttafied  aliquo 
as  follodlfcV 


i(StockiW<in<Liflffbb  daily  from%/ 
f^acfrrfmajr-Atropine  Stock  solution 


)  cwnne  lMp^Prifflary  At 
jjD  M  ut i on  w<,„, .  . 

bVPtombine  10  an||lmtionjL«ah9S0  /»lilifr(0ilution  b) 
djp' Combine  250  n  1  1  WfciStock  A) 

Combine  10  ft]  Oi  futjgmv'6*  PBS  clfcock  B) 

Di^o»fcsof  the  leftovejprimary  Atrdjine  Stock  as  well  as 
leftdim^«tropine  StocK^A  and  8  andmlutions  a  and  b  at  the 
conclusfbfi  of  the  RIA  s«Hp.  M,' 

ftpepwe  StockJpfe^ombini^j^^^Mftock  A  with  1.5  ml  of 
jpn»l:^teruigfcfivea  from  the  sfltte"  species  as  the  sera  under 
lealyses.  mk  volumes  ma§fce  modified  proportionately  in  order 
to  produce  Ifia  correct  vSbees  for  larger  or  smaller 
experimentsKpispose  of  fi tat  unused  material  at  the  end  of  the 


Primary  Atropin«|^ck  ^590  /tl  PBS 


Con< 


ts 

^ASyf-  ;•  > 

Vf**'  \  ' 

w*  * 


ptalysfes.  4 
Ho  produce  I 
^experiments! 
Say. 


'SB?' 


'\4. "  Prepare  Stock  0  TyjatfbTning  200  ^»1  Stock  A  with  2.3  ml  normal 
'*  sera  derived  from  the  same  species  as  the  sera  under  analyses. 
The  volumes  may  be  modified  proportionately  in  order  to  prepare 
the  correct  volumes  for  larger  or  smaller  experiments.  Dispose 
of  the  unused  material  at  the  end  of  the  test  day. 

5.  The  RIA  procedure  is  set  up  as  described  on  the  attached  form 
entitled  "Atropine  Sulfate  Radioimmunoassay  Tube  Setup". 
Reagents  are  all  quoted  to  12  x  75  mm  polystyrene  RIA  tubes  in 
order  from  left  to  right  as  indicated  in  this  form. 


6.  Upon  adding  all  reagents,  vortex  each  tube  5-10  seconds. 

7.  Incubate  the  tubes  20  (*  1)  hours  at  1-9°C. 
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8.  Prepare  the  total  counts  control  braiding  20  /<1  sH-atropine  to 
each  of  two  20  ml  scintillation  viarfeiNWd  10.0  mkpjfdrofiuor 
and  1.0  ml  distilled  water  to  each  viawhgndunix 


Completion  of  RIA  (Oay 


1.  Add  0.5  ml  100  percent  sancatad-  ammonium 
tube.  Vortex  for  5-10  tjttondSfc^tocubatel 
1-9*C.  Centrifuge  ate%proxima|g]{^8Qfl!* 
.  30  minutes  at  room  jppperature  (lU2$K0Nfli 
supernate  with  a  ameur  pj|fet  andsftiarfe 
container  for  radjlMctivMfouid  waste1. 


Ifateiit  each  RIA 
*30  mllgtes  at 
(1550WS)  for 
Jjasprfige  the 


2.  Add  1.0  ml  SQ^rcea&saturatedJKnon 

Vortex  for  S&io  secona^CentrWage  A 
(1550  x  g$for  30  minutMiti*T.  jf 
pasteur^lpet  and  ti  ansferto  a  cmt a 
liqui^iastt^^  ^ 

3.  M4&.0  ml  distiuad  water  to  each  tJ 
Jfwtex  for  5-10  seowds. 

4*Sfransfer  the  contents  ofsaach  RIAl*!* 
scintillation  vial  by  qjjireful  ly  pourni 
^  wittr^Oal  Hydrofluor  |Md  transfer 
•v,  vial.  fefo.  I 


monugfVfei/ate  to  eacrmiibe. 
e  dlflpirojtimately  2800  rPM 
»frate'^|pir.  supernate  with  a 
Stliner  fartradioactive 

Mr 


•dissolve  the  pellet. 


to  a  Separate 
J.  Rinse  the  RIA  tubes 
r  fluid  to  the  respective 


^W-AJtor&iO  ml  riydwfjiior'to  elck-SCintin a t i on  vial  and  mix. 

jj$.  jCount-^tMe  v«s  for  10  mioates  or  to  a  preset  error  of 
KSptfO  percent^  a  liquid  swtillation  counter. 


Data  Anetysl 

jq: 


£i.”Data  analysis  il 


using  RiaCalc  OH,  Version  2.65 


(Pharmacia  Wallac).  iJata  is  reported  as  ng/ml. 


QUALITY  CONTROL 
W 

1.  All  equipment  and  instruments  will  be  operated,  calibrated,  and 
maintained  according  to  their  respective  SOPs. 


2.  The  study  director  or  his  designee  will  review  all  raw  data, 
completed  data  forms  and  other  pertinent  study  records. 


<<t  in  ..  iaUMr.i*  M.i,; 
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3.  The  form  entitled  “Atropine  Sulfate  Radieiwunoassay  Tube;Setup" 
details  the  contents  of  each  standard,  control,.  and  sample. tube  and 
will  be  employed  daily  during  assay  $et  up  la^iisure  correct 
distribution  of  reagents. 

4.  The  form  entitled  “Record  For  Jettruments,  Equipment^  Reagents  Used 

For  Radioimmunoassay”  Mill  be  ifiufcto  document  Ml  reajpjuts  and 
equipment  used  in  an  assay.-jfe.  Jf£''  m 


5.  The  form  entitled  “AtropnSrSulfate  Rfllfl 
to  record  the  identifiu&ton  aruf&ssay  sc 
samples  for  an  assay^E?  J®f  - 


6.  Preparation  of  bulgurs  aud&frtter  r», 
attached  form  entitled  “BufttWfiwaai 


3st"j||ill  be 
tcejBr&eowt* 


tilized 
t  and 


be.  recorded  on 
Ion". 


7.  A  series  of  StN-^oedium,  and  hTp*con^ils  are  iduded  in  each 
experiment  jlTass«B|vthe  quality  of  eaeteiuperimeht.  Control  data 
will  be  tabnTated  fo&oach  run  and  will  Ifearftwed  by  the  study 
director^’ 


8.  Additfona:  control  parameters^-jutfi '’'nFWfi*  B/T/^&e  slope  and 

intercept  of  the  regression  curve  and  otter  parameters  are  computed 
bfrRiaCalc. OH.  These  will  ^tabulated  ftfeeach  experiment  and 
reviewed  bydtte  study  directing,  |z. 

dPi&ssu-. 


y-rrs.Jt 


30  uL  Stock  A 


1000  pg  40  aL  Stock  A 


1000  pf  |  40  oL  Stock  A 


Quality  C octroi 


100  pg  50  uL  Stock  D 


50  oL  Stock  0 


250  pg  |  25  uL  Stock  C 


25  uL  Stock  C 


|  500  pg  |  50  oL  Stock  C  j 


|  500  pg  |  50  uL  Stock  C  j 


Samples  (Atropine  Run  List) 


j  Samples  (Atropine  Run  List)  j 


330  uL 


330  uL 


330  uL  |  25  aL 


330  uL  25  o’.  S 


330  uL 


330  uL 


330  aL  (  '  '  .  | 


330  uL  [ 


20  oL 
20  uL 
20  uL  J 
20  uL  | 
20  uL  i 
20  uL  I 
20  uL  l 
20  uL  | 
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Pharmacokinetic  Analysis  Data  for  Individual  Animals 
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TADl  :  10.  MODEL  DERIVED  AREAS  UNDER  THE  SERUM  ATROPINE  CONCENTRATION-TIME 
CURVES  TO  EACH  SAMPLING  TIME  FOLLOWING  INJECTION  WITH 
THE  MCA  SYSTEM 
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TABLE  13.  RESULTS  OF  CHEMICAL  ANALYSIS  FOR  PLASMA  2-PAM  CONCENTRATION 
0*g/nL)«  FOLLOWING  INJECTION  WITH  THE  MKI  SYSTEM 
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DER  THE  PLASMA  2-PAM  CONCENTRATION-TIME  CURVES 
FOLLOWING  INJECTION  WITH  THE  MCA-B  SYSTEM 


APPENDIX  D 

Saaple  Phanwco kinetic  Modeling  Prograa  Used  in  Analyses 


LIBNAME  REG  1 [TS. 15. ATROPINE. MCA] ' ; 

OPTIONS  LS=80; 

DATA  TRUNC; 

SET  REG.MCARAW; 

IF  ANIMAL=87  AND  CONC  NE  0; 

PROC  MEANS  NOPRINT  DATA=TRUNC; 

VAR  T; 

ID  ANIMAL; 

OUTPUT  OUT=*MAX  MAX*MAXT; 

DATA  MAX2; 

SET  MAX; 

TYPE_*' FINAL'; 

PR0C  SORT;  BY  TYPE  ; 

PROC  NLIN  DATA-TRUNC  C0NVERGE-1E-2  HAXITER-100  METHOD«MARQUARDT  OUTEST-ESTIM; 
PARMS  A-4.44 
B*7.0I 
ALPHAS. 049 
BETA*0.005 
KA*0.40; 

AEXP*EXP(-ALPHA*T) ; 

BEXP*EXP(-BETA*T) ; 

KEXP»EXP(-KA*T) ; 

MODEL  CONC*A* (AD(P-KEXP)+B* (BEXP-KEXP) ; 

DER.A*AEXP-KEXP; 

DER.8*BEXP-KEXP; 

DER.ALPHA»-A*T*AEXP; 

DER.8ETA«-B*T*8EXP; 

DER.KA*(A+B)*T*KEXP* 

TITLE  ‘TWO-COMPARTMENT  ATROPINE  PHARMACOKINETICS  MODEL'; 

TITLE2  'TASK  89-15  MCA  AUTOINJECTOR'; 

OUTPUT  0UT*REG.P870UT  P-CONCHAT  L95M-LCL  U95M-UCL; 

PROC  SORT  OATA-ESTiM; 

BY  TYPE  ; 

PROC  PRINT“DATA«REG.P870UT; 

DATA  EST; 

SET  ESTIM; 

IF  TYPE  *' FINAL'; 

DAiA  REG.MCAAN87; 

MERGE  EST  MAX2;  BY  TYPE  ; 

D* 1950000; 

DX*I; 

X=-l; 

SUMY=0; 

PART»1; 


D-2 


CO  UNTIL  (X  G £  240) ; 

*  ALTERNATIVELY,  THE  A80VE  STATEMENT  COULD  READ  00  UNTIL  (X  G£  MAXT); 
X-X+OX; 

Y*A* (EXP  ( -ALPHA*X)  -EXP(-KA*X)  )+8*(EXP(-8ETA*X)-EXP(-iCA*X) ) ; 
SUMY*SUMY+Y; 

PART*Y/SUMY; 

IF  X-l  THEN  00;  SUMY1«SUMY;  ENO; 

ELSE  IF  X*2  THEN  00;  SUMY2«SUMY;  END; 

ELSE  IF  X*3  THEN  00;  SUMY3-SUMY;  ENO; 

ELSE  IF  X»4  THEN  DO;  SUMY4-SUMY;  END; 

ELSE  IF  X*5  THEN  00;  SUHY5-SUMY;  ENO; 

ELSE  IF  X*6  THEN  00;  SUMYS-SUMY;  ENO; 

ELSE  IF  X-8  THEN  00;  SUMY8-SUMY;  ENO; 

ELSE  IF  X»12  THEN  00;  SUHY12-SUMY;  ENO; 

ELSE  IF  X*16  THEN  00;  SUMY1S-SUHY;  ENO; 

ELSE  IF  X«20  THEN  00;  SUMY20-SUMY;  ENO; 

ELSE  IF  X«40  THEN  00;  SUMY40-SUMY;  ENO; 

ELSE  IF  X*60  THEN  00;  SUMY60-SUMY;  ENO; 

ELSE  IF  X«80  THEN  00;  SUMY80-SUMY;  ENO; 

ELSE  IF  X*120  THEN  00;  SUMY120-SUHY;  ENO; 

ELSE  IF  X-I80  THEN  00;  SUHY18G-SUHY;  ENO; 

ELSE  IF  X«2 THEN  00;  SUMY240-SUHY;  ENO; 

ENO; 

INTAUC«SUMY*OX; 

CALCAUC'A/ ALPHA+B/BETA-  (A+8)  /KA; 

DI«A* ( KA-ALPHA) +8* ( KA-8ETA) ; 

K21-(  (A*8ETA*KA)+(8*ALPHA*KA) -(A+8)  *ALPHA*8ETA)/0I; 

KEL»ALPHA*8ETA/K21 ; 

K12-ALPHA+8ETA-K21-KEL; 

V1*0/ (A+8)/ 1000; 

Vdbeta*Vl*KEL/8ETA; 

TBETA-L0G(2)/8ETA; 

TMAX-1/  (KA-KEL)  *LOG(ICA/KEL) ; 

CHAX*A*  ( EXP  (  -ALPHA*TMAX)  -EXP  (  •JCA*TMAX) )  +8*  (EXP(-8ETA*TMAX)  -EXP(-XA*TMAX) ) 
OROP  TYPE  NAME  ITER  SUMY  01; 

PROC  PRINT;  "  “ 

TITLE1  'TASK  89-15:  TWO-COMPARTMENT  PK  MOOa  FOR  MCA  ATROPINE  . 
AUTOINJECTOR'; 

TTTLE2  'PARAMETERS  FOR  ANIMAL  87'; 

VAR  SSE  — Y  INTAUC-- CMAX; 

PROC  PRINT” 

VAR  SUMYl— SUMY240; 


